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SUMMARY

This paper presents an analysis of a high speed compressed air missile

launching system, consisting of a reservoir, valve, and launch tube. Sim-

plifying assumptions are discussed and made, a model is determined, and its

numerical solution using FORTRAN is presented. The paper concludes with some

brief insights and recommendations pertinent to the system design.
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LAUNCHER GASDYNAMICS ANALYSIS

Notation

Tf Tb - flask and barrel (tube) temp, *R

Pf, Tb - flask and barrel pressures, lbf/ft

mf, mb  - masses of gas in flask and barrel, slugs

0f, 0b - internal energy per slug of gas in flask and tube, ft-lbf

x - distance from rear of tube to rear of missile, ft

Ab, AV - cross-sectional areas of tube, valve, ft2

Vf - volume of flask, ft3

Vb - volume of barrel, ft3

b3
u - specific volume (per slug), ft 3/slug

C - zero subscripts are initial values, at t-0
0

t - time, sec

FR  - release force, lbf

ft-lbf

R - air gas constant, 53.3i' . ib OR
m

C - specific heat at constant pressure, units of R
p

C - specific heat at constant volume, units of R"= V

mm - mass of missile, slugs

V - velocity of missile, ft/sec.
m
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INTRODUCTION

In connection with the design of the missile launched ASW/Standoff Wea-I pon, the Engineering Branch of the Test Division, Fleet Engineering Depart-

ment, has been tasked to build a high speed launcher to test the weapon water

entry characteristics. Tentative design requirements include water entry

angles of 00 to 700 measured from vertical, and entry speeds up to 500 feet/

- sec. The weapon is expected to be able to withstand accelerations of 300 gs,

and to weigh 800 pounds. These parameters, along with the missile geometry,

are those determining the design.

' The present analysis was begun with the project already in possession of

*several system components; thus the analysis was designed around the use of

those components. The project had taken advantage of an opportunity to

acquire two free surplus Polaris launch flasks and a free surplus Polaris

- launch valve, and had purchased a 30-foot, 2800-psi launch tube. The present

"" work was undertaken with the goal of understanding the fundamental gasdynamics

-. of the system, in order to establish values for the remaining parameters and

to confirm the utility of the already acquired components.

The system to be analyzed consists of a launch flask connected by piping

to a valve, which is connected to the rear of the launch tube at the end

sealed by a breech door, behind the missile (Figure 1). When the valve opens,

-" air rushes from the flask through the valve and piping into the tube, and

-. pressure builds up behind the missile. A release mechanism trips at a certain

force and the missile rapidly accelerates out of the tube. The entire system

is to be mounted on a rack on a barge in such a manner that the water entry

* angle can be suitably varied.

An initial literature search revealed that the problem is complex and has

not been solved. A somewhat similar system, the Variable Angle Launcher at

.* 3
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Morris Dam, was built in the 1940's and has yet to be accurately modeled.* It

also appeared to be significantly different in the areas of missile friction

and air escape. A Fixed Angle Launcher also once existed at Morris Dam; a

conversation with one of the designers indicated that fairly crude assumptions

were used in the design, and that they worked fairly accurately.* Both these

systems seemed to be significantly different from the present one, and tech

nical papers which covered in detail the gasdynamics design were not available

for either. One accurate theoretical model has been constructed by Dave

Nelson for a somewhat similar system, but its methods could not be directly

adapted, although it was useful in deciding the level of sophistication

necessary to achieve good accuracy. An analysis from fundamentals needed to

be completed; it constitutes the bulk of the remainder of this report.

There are three main portions of the system analysis. The first is an

analysis of approximations to be made in deciding upon a gasdynamics model;

the second, a mathematical analysis of that model; and the third, the nu-

merical solution of the simplified equations for model behavior. The analysis

was undertaken with the goal of achieving an accuracy of about 10%.

SYSTEM MODELING APPROXIMATIONS

Air is commonly taken to be a calorically perfect gas, but the high

pressures and moderate temperatures involved in this system create significant

deviations. Gamma, the ratio of specific heats, varies roughly from 1.4 to

1.6 for the states likely to be encountered in our system. The specific

* Discussion with Norm Wyman, Morris Dam branch head, May 1982.
** Hudson, Dr. Donald E., Professor of Applied Mechanics, Thomas Laboratory,

California Institute of Technology. Telephone conversation and portion of
out-of-print report.

1. Hilsenrath, et al., Tables of Thermal Properties of Gases, Washington,
D.C., National Bureau of Standards Circular 564, 1955.
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heats at constant pressure and volume also vary significantly, although the

compressibility factor does not. Values of Y, C , and Cv of 1.5, 3.8R, and

2.5R were chosen as mean figures to hA used so that the perfect gas approxi-

mation would err by less than 10%. The perfect gas approximation was then

retained because of its great simplicity.

Conservation of energy and angular momentum were also to be assumed, and

it was therefore necessary to investigate which real system effects were

important enough to be included in the model. Energy balance considerations

were analyzed by relating the magnitude of the effect to the kinetic energy of

the exiting missile, which from the design requirements can be calculated as
6

3.1 x 10 ft-lbf, or 4000 Btus. It was desirable to conserve only the gas

internal energy and missile kinetic energy; thus it was necessary to neglect

piping air velocity head, heat transfer, the work involved in restraining

recoil, the restraint of earth gravity, missile friction losses, and air

escape.

The piping air velocity head could be approximately calculated from the

2.. pv

Bernoulli's equation term -, using for v (the velocity) a value calculated
2g

through continuity (knowing the velocity at the choked valve from the ambient

temperature) and the approximate pipe dimensions. A maximum of 30 Btus was

obtained, which agreed with qualitative expectations for a pipe 6 feet long,

and which can easily be neglected.

Heat transfer was calculated using the General Electric Heat Transfer

Data Book2 method for convected flow in a cylinder. It appeared to be on the

order of 100 Btu/sec, which was significant but neglectable. It also seemed

likely that heat transfer into the cooling flask (the calculated figure) would

roughly balance heat transfer out of the tube. The rapid expansion assumption

of adiabaticity was therefore made.

2. GE Heat Transfer Data Book, General Electric Co., Schenectady, New York,
1977.

6
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Recoil was estimated from an angular momentum conservation using data for

the YD197 and assuming it was free to rotate in space. Even with this crude

method, one finds that the bow vertical velocity of the boat is less than I

• foot/sec, an insignificant energy drain as well as an insignificant momentum

*- drain.

The 1 g involved in earth gravity was very small compared to the 300 g's

* anticipated for an acceleration peak and was therefore neglected. Gravity

induced-missile friction was likewise neglected.

A final factor which was more difficult to analyze was that of air escape

past the missile. Besides the obvious energy loss, there is also the question

of possible large friction effects from high pressure air forcing the missile

against the wall on one side. This problem was not well understood; a pusher

*plug with close-fitting sizing was incorporated into the design to eliminate

it.

Thus it was found allowable to conserve merely gas internal energy and

missile kinetic energy, and to ignore the recoil. But it would also be neces-

* sary to assume isentropic flow in the valve and flask. How accurate is this

assumption?

The first effect of friction and turbulence on the investigated flow is

that of the partial choking of pipe flow due to wall friction. Textbook flow

* friction problems were not easily approximated to our case. However, the

indications available were that, for our case of short, large-diameter pipe,

the choking problem could be ignored as the pipe flow velocity was not nearly

sonic. This conclusion also makes qualitative sense.

A larger question involved in the entropy analysis was the effect of the

considerable turbulence in the valve upon the results of an isentropic valve

analysis. Because of the difficulty of the entropy concept, an error estimate

could not be determined. Dave Nelson's work was useful in indicating that the

7' 7



isentropic assumption may be made with good accuracy. It is fortunately not

necessary to make any entropy assumptions about the highly turbulent tube

flow.

As a final step in the model definition, it was necessary to mathematic-

* ally model the opening of the valve. Data from Polaris experiments, con-

sisting of a set of curves of effective valve opening versus time for various

flask pressures, were obtained from Westinghouse, the manufacturer. The

curves, obtained from choked flow experiments, were used for both choked and

unchoked flow, with uncertain but probably good accuracy. They were qua-

dratically fitted by hand to well within 10 percent.

MATHEMATICAL ANALYSIS

The mathematical model will conserve internal gas and kinetic missile

energies, assume an adiabatic system, ignore recoil, and assume frictionless

valve and flask flow. Air will be taken to be calorically perfect. Since the

valve flow is a complicated subsystem, it will be analyzed first, and then

conservation of energy, isentropic flask flow, and Newton's laws will be

applied to the system as a whole.

Applying conservation of mass, or continuity, to the valve flow, it is

found that

= pVA = constant, at any cross section . (1)"-. dt

Applying conservation of energy to the flow from flask to valve

2 2
V~ VGC T f - GC T + -

p f + 2 p V 2

3. Westinghouse Electric Company, Defense Group. Letter Number 82-GSO-108 of
29 April 1982 from G. Stephen Olmstead, and verbal communications wit.
Janton of the same group.
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where enthalpy is used to include pressure-volume energy considerations in the

flow. Rewriting this equation and neglecting flask velocities results in

,,.. 2 G T T v ) - v . (2 )

Finally, applying the second law and assuming frictionless flask-to-valve

flow

Tds =du + Pd= 0

Using ideal gas laws, the following standard formulas can be derived, which

hold for any isentropic change of state:

-C
VU 2 (T2I) Ru2 (3a)

Uv T

CV

(T) (3b)

Cv+R

R
2  (T2) (3c)

CV

i -P I1) ( 3 d )

Pi

. .9



If these three equations are reduced to one, it is found that

C
C RRCv+R Cv+R

dm fV
dt G) P AV 2GC Tf( P(4)

dt GRTf Tf f-p

which is the standard isentropic nozzle or valve equation. This flow has a

maximum which is observed when the throat gas velocity becomes sonic. By

differentiating the above expression and setting it to 0, it was found that

the flow maximum in the choked state was

dm- Pf
ff

d - = GRTf T (29.6) (5)

with the unit system and perfect gas constants previously selected. The

critical pressure ratio below which the flow is choked is also found through

the above procedure, and is

Cv+R

Sb 2Cv+R -R
= - .528

Pf C

Above this pressure ratio the mass flow rate remains constant and the

excess pressure disperses irreversibly through shock waves into the tube.

Below this ratio the first equation, (4), applies, and the valve pressure should

,- be approximately the tube pressure; the velocity head is assumed to be pri-

marily dispersed through turbulence into heat, although this is not quite

clear.

10



A total system analysis can now be started by applying the conservation

principles previously mentioned. From the first law

1 dx 2
Uf(t)mf(t) + btt - constant

Ufo mfo + Uob

Substituting U = C VTG,

V2

CVT(t)mf(t)G + CVT'~~b ) +1 dx2T Io+Tomo 7

Applying Newton's Law to the tube,

2
d )

F m ma m m 2 PA
m mdt2

The design was to hold the missile initially with a force-calibrated

* breaking wire, which is represented as

F < F 1rles: F = Pb Ab (8a)

dt

7 Applying conservation of mass

f f +N (9a)

dm f -drb

dt dt (b



Finally, assuming a constant flask volume and a reversible flask gas ex-

pansion, the following expression can be derived from equations (3),

-Cv -Cv
C +R C +R

tfl (fl) fo (Po V Kf (0

Collecting these equations and the ideal gas equation and eliminating

mass terms results in the following set of governing equations:

db Vf2.2V .29 .71
P > .528 (026 f -(p -pV P (Ila)

Pf O.6)PfV t v f bb

ff

<2.5 2 5V 1

2.Pf f + 5bb + 21 m dt) KE CVG(Tfo mfo + Tbmbo) (12)

F <F release F P b&, (13a)

2
d x

F > F 1  Pbb=m 2 (13b)
dt

where

p V-.71 fo fo
Kf Mfo Pfo admfo GRT

0

12



NUMERICAL SOLUTION

These equations completely simulate the flow. They may be combined, but

the result is a second order nonlinear differential equation of a form which

does not have an analytical solution. It was therefore necessary to numer-

ically solve these equations. This was accomplished using FORTRAN on the

Univac 1100/82.

The Euler method was selected as a computer algorithm. It uses the

equation

= At + yj
~J+dt' ty

to calculate values for each unknown in a step from the values of the unknowns

in the previous step, using the initial conditions as a starting point. Step

size must be chosen carefully, but the problem proved to be insensitive to the
.:j choice. It was not felt to be worth the effort involved to attempt to make

the program user-independent, thus the program is fairly simple. A typical

program is listed in Appendix A.

The program consists of a comment heading, parameter initialization, echo

print of initialization, a loop which calculates and prints values for each

• "iteration, and a series of DISSPLA plotting statements. The loop calculates

the values of the unknowns for each time increment using the initial condi-

tions and the Euler method mentioned above. The loop prints out data for the

first 100 iterations and every 100th thereafter, and halts when the missile

leaves the tube. Plots are then made of missile acceleration and velocity,

. and of tube and flask pressure. Appendix B contains the plots corresponding

- to the parameter choices contained in the program of Appendix A. The program

must be modified and recompiled for each parameter change, but the cost is not

excessive.

The program was tested for errors, and several were found and ,.orrected.

The loop calculation was checked by hand, and plot elements were checked

13
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against analytically derived expectations. Just as this report was being

completed, information about a similar launcher at the Naval Ordnance

Laboratory in Maryland was received.4 The program was tested against the

maximum muzzle velocity and missile mass case given for their test-pond

launcher (Appendix C), which is a fairly well suited test case. The program

yields an exit velocity of 393 feet/sec, which closely approximates the ob-

served 380 feet/sec.

DESIGN RECOMMENDATIONS

The program was run with various parameter values and the results were

used for design input. It was found that the missile acceleration necessary

to reach the required high exit speeds quickly outran the ability of the gas

to flow through the valve, even if it was fully open, and so the pressure

dropped markedly (for example, see Appendix B). This results in a marked

acceleration drop, so that peak acceleration could pass the acceleration limit

without the exit velocity reaching the required minimum. This highly peaked

*acceleration was found to be a function of both slow valve speed and small

flask volume. The system requirements and behavior differ markedly from those

of the submarine launching system for which the flask and valve were designed.

It is not possible to meet the requirements with a choked valve system such as

* the Polaris system.

Analysis of computer runs with various parameter values leads, along with

physical reasoning, to the conclusion that it would be best to design the

70 system to approximate as closely as possible a simple piston-cylinder arrange-

ment. Thus it is recommended that the surplus Polaris equipment be discarded

as only marginally adequate, and a pressure vessel of much higher volume be

obtained, along with a valving arrangement which permits near instant and very

4 large opening.

4. Cole, Houston M., "Compressed Air Launchers," U. S. Naval Ordnance
Laboratory, White Oak, Maryland. NOLTR 68-191.
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*FTN,S FORTRAN.SMALLVAL
FTN IOR 1A 0 7/ 13 /8 2-08 :3't3 1 1 __...... . .

1. ** THIS IS A PROGRAM TO SOLVE THE SYSTEM OF DE'S INVOLVED

2. * IN THE GASDYNAMICS ANALYSIS Or THE MINIVAL
. 3. # WE UTE A SIMPLE EULER ;:LTtlOo, SINCE COIPTR-IME-IS-CHEAP-;- ----

4. * WE ONLY NEED 2 DIGIT ACCURACY, AND OUR EQUATIONS APPEAR TO
5. * HAVE A FAIRLY SLOWLY VARING DERIVATIVE.

7. *.. ALL WORKING UNITS ARE IN FOOT-POUNDSFORCE-SLUCS SYSTEM
• 8. 8

.- 9 - *'f--O UR TfUDEPENDENT VARIABLE IS TIVE, T .... ...... .. .. ......

10. ,** WE I,:'.LX OUR TIME DIVISIONS WITH THE I'NTL.ER I.
I .11 * ANO STORE THE VALUES OF FLASk PRE.SURE IN AFRAY PFLASK,

12. - TH. VALUES OF BARREL (COt TUBE) PRESS;RL IN lRRAY PTUBE,-........
13. * TH: VALUES OF MISSILE DISPLACEMENT FRO.! TOE REAR WALL IN ARRAY X,
14. .* THL VALUES OF MISSILE VELOCITY IN ARRAY XDOT,

-15. * , AN; THE VALUES OF MISSILE ACCELERATION iN ARRAY VELcOr.-------
16.
17. *** THE v;IDTH OF A TIME DIVISION IS W,

.18 * AN, THE TOTAL TIME ElAPSED AT POSITID,'tT ,*I = T--. . . .-

19 . THE VALVE OPENING AREA il- 0[SCPIBEU BY THE FU'.CTION AVALVE
20 -*. THE (i)i;ENT MISSILE FORCF :S 5TO;-E-. p4 v-';. VA- I Al LE FCFCE
21 " THE '.7SSTLE RELEASE FO:;CE IS CONTAIFD IN THr VARIABLE tET . . .
22. *- 1HE INITIAL FLASK PRES'KI&LE IS CONTAINT D IN rH;e VARIABLE PFZ'-Ro
23. ** THE MISSILE MASS IS CO'4TAINED IN rPE VARI!o.SLE MIMASS

' 24 - . THE T,'E DERIVATIVE OF THE FLASK PRESSURE IS CONTAINEOI ..
25. THE VA;,IABLE PFDOT
26 *
27 -- ** THE r'7 UATIONS CONTAIN VARIOUS CONSTANTS ",;":T'r4WE-CALCULATE-tXPLICITUY-T4
28. * WE KALE THE ENERGY EQU:TIJN CONSTA .T ,E;,-..GY
29. * WE ( ALL THE FLASK V'"PA'.T,ION CNSTANIT ,AF!.SK
30 . * ,I WE CALL THE INITIAL F!.A.!K A IR MASS .ASSF- .. .. ... . ...- . . ... ... .. ... . .. .

31. *** AND THE INITIAL TUB: AIR MASS MASS7I
32. * CALL THE INITIAL TIBE i'PESSURE PTU3E(O)

: 33.-- 4 4 . AND THE TUBE CROSS-SZCTIONAL AREA ATU .r:.-------------- - - - - -

34. **- TH[.SE ARE CALCULATED FROM INITIAL CONDIrIONS WHICH ARE BASIC:
35. ."* TPC FLASK VOLUME IS COrNAINED I VFLA J,
36. - THlE INITIAL SYSTEM 1r.,PER.TLE IS CCNTATNEE IN TEKTPO
37. ,'* THE AIR GAS CONSTANT IS CONTAINED IN P
38. .** THE VALUE OF GRAVITATIONAL ACCEL. IS C 32.2 FT/SEC2

-.. . .. . . - 3 9 .
40. *w THE FOLLOWING VARIABLES ARE USED FOR LOGICAL CURPOSES *

41.
42. - 4 THE 'VARIABLE GONE IS USED TO TEST FOR ;HETFER THE .ISSItIZ .
43. *'* IS 31ItU HELD OR NOT
44. .,* T14' VARIABLE PIECE IS U-,5D TO SPLIT THE UNCHOKED -FDOT

--- --- 45. -** EQUATION INTO TWO Plz.tES FOR EASE OF CAtU'.ATICN ANtD TO EASIL.-- -

46. *- CHECAi IF THE SQUARE ROOT 1S NEGATIVE (PlU5E > PFLASK ANOM1ALY)
47. *** THE VARIABLE QUIT IS USED TO TELL THE PLOTTER WHEN
48 .. *- TO QUIT PLOTTING THE POINTS OF THE ARRAYS -

49. *

; 50. REAl. KFNPGY,KFLASK
. .. .- 51. " REA!. VfIASK.TEMPO.

52. REAL R/53.3/.G/32.2/
53. REAL MASSTI,MASSFI

- 54 . .REALATUSE
55. *

A-2



* ~ ~ ~ ~ ~ 7 -. .7-- ~ t V

56. *** DECLARE THE VARIABLE TYPES

REAL-PFLASK (0:3000)-

58. REAL PTUBE (0:3000)
59. REAL. XDOT (0:3000)

..... .. .. 60. . .... REAL-VELDOT (0:3000)-

61. REAl. X (0:3000)
62. REAL TAU (0:3000)

...... .63. REAT? FORCE ... .....
64. REAL PFOOT
65. REAl. PIECE

6 -6. LOrTCAL GONE- ----_--

67. * THIS I-' A VARIABLE TO TEST FOR PREVICUS MISSILE RELEASE
.- 68. * IF GONE = .FALSE. THEN MISSILE HAS NOT BEEN RELEASED

. 69.--.. IF GONF =.TRUE. THEN MISSILE HAS BEEN Rtt:ASE: AND CA'tOr-B-AGAIN-HELD-----
70. *

71. REAl. MIMASS,LETGO
7 2 .' R E A l. T , W .. ......... ... .........
73. INIEGER IN,QUIT
74. *s***** INITIALIZE STEPSIZE AND NUMBER OF STEPS ****

- - . 7 ------75. -
76. W = 0.0001
77. N = 2980
78. * .

79. ********' INITIALIZE
80. ** WHEN CHANGE INITIAL VALUES REMEMBER TO CHANGE PLOT MESSAGES ALSO!V

'- " -.. . .... . .. 8 1 . - ! *. ..

82. MI'ASS = 800/32.2
83. PFLASK(0) 1200*144
84 .- ...... PTUTIE(0 14.7*144.-----
85. XDJT(0) = 0.0
86. VEIDOT(O) = 0.0
87. X(O = 2.0..............

88. LErGO = 160000
89. GONIE = .FALSE.

91. ******** INITIALIZE BASIC CONSTANTS ***
92. VFLASK = 31.5
937 TE-.1PO 520.0 .........
94. ATlIbE = 3.1416,( 8.5,12 )/144.0
95. MA';SFI = (PFLASK(O)*VFLASK)/(R*G*TEMPO)
96. MASTI"= (PTUBE(O)*X(O)ATUBE)/IR-G-TEI,.Or -
97. KEN.RGY = G*2.5*R*TEM'O* (MASSFI + MASSTI)
98. KFLASK v MASSFI / (PFLASK(O)**O.71)

100. *** WRITE THE VALUES OF THE BASIC PARA'AETERS ,*
101. *

. 102. -. . . WRTE(6,11) VFLASKTr .. ......... . .
103. 11 FORMAT(IX.1FLASK VJLJME IS ',F5.1,5X,'INITIAL TE:IP ',FS.I)
104. WRIIE (6,12) ATUBE
105 .....12- rr'R-AT(1X,'THE TUBr CROSS-SECTION TS'.5.3,' SQJARE-FEET°y
106. WRITE (6,10) PFLASK(Ol,'144.0,MIMASS*32. ,LETGO
107. 10 UJRMAT(10 'PFLASK!0) 1S ',E14.8,' PSI',5X,'MIMASS IS.LBLI'107 10 T 1,I

1.... . 10B. .CEll.8,5X,'LETGO IS ',E14.8,3X,'POUNo S C .-

109. WRITE (6,13) MASSFI,r,ASSTI
110. 13 IORMAT(IX,'MASSFI IS',E14.8,5X,'MASSTI IS ',E14.8)I . .111 --- --- WRITE (6,14) KENRGYKFLASK ....... ............ ..

112. 14 FORMAT(1X,'KENRGY IS ',E14.8,5X,'KFLASK IS ',E14.8)

A-3
'L



113 ***
-- 114. ****** BGIN 1-T ERA T ION

115. *** WE CALCULATE AND WRITE VALUES FOR EACH TIME INCREMENT *
116. *** AND THEN LOOP BACK TO HERE TO BEGIN A NEW INCREMENT *
117. ***
119. DO 100 1 a O.N

1 119. T = I*W
1 120. *
1 121. *** CHECK FOR OUT OF BOUND VALUES ***
1 122. *
f 123. P F-PLASK (I) * *0. 29/ A. --
1 124. C CHOKED FLOW PFDOT EQN IS NEG
1 125.
I 126... T****H S TNE VALUES OF-T FOR PLOT P-j-- *
1 127. TAU(I) = T
1 128. *
1 129. **---* SET TH VALVE OPENING VALUE --. *
1 130. *
1 131. IF (T .LT. 0.65) THEN
2 132. AVALVE = 0.44(T-'J4- -O.2;T + 0.62
2 133. ELSE
2 134. AVALVE u 0.26
2 135. END IF
2 136. *
2 137. **---* SET THE VALUE OF PFDOT FOR THIS ITERATION *---*
2 138 -- (FIND IF-FLOW IS CHOKED OR NOT) AND THENWRITE--T - ***

" 2 139. *
'" 2 140.__..ee.* CHOKED VALVE FLOW *****

12 141 *
- 1 142. IF (PTUBE(I)/PFLASK(I) .LE. 0.528) THEN

- 2 143. PFDOT = -I*PFLASK(I) w AVALVE *
2 . 144. C S RT( PFLASK(I)**O.29/(KFLASK*VFLAKi) I .....
2 145. IF (I .LE. 100 .OR. MOD(I.100) .EQ. 0) WRITE (6.171)

_ 2 146. 171 FORMAT('O','THE VALVE IS CHOKED')
2 147. ELSE
2 148. ******** UNCHOKED VALVE FLOW

_ 2 149. *
2 150. **- **-DIVIDE UP PFDOT 1NtOTWO-P| 7-
2 151. *AND TEST FOR CORRECT ARGUIENT *
2 152. PIECE' (PFLASK(I)**0.29 - PTUBE(I)**0.29)/(VFLASKKFLASK)
: 2 153. IF (PIECE .LT. O) TH0 N
3 154. WRITE (e,17) PIECE

-- 3 155. 17 FORMAT(IXPIECE HAS THE VALUE ',E14.9.' AND HAS BEEN SET TO 0')
3 156. -. PIECE = 0
3 157. END IF

_3 158. **---
2 159. PFDOT =-3.*AVALV*-

* 2 160. C SQRT( PIECE )
" 2 161. IF (I .LE. 100 .OR. MOD(I,100) .EO. 0) WRITE (6,170)

2 162. 170 FORMAT('0','THE SALVE IS UN HCikEU")...
2 163. END IF
2 164. *

* 2 16.CW***I iSLE HELD Or' LAED=
2 166. *
I 167. FORCE = PTUBE(I)*ATUDE
I 16F. IF (FORCE .LE. LETGO •AND .--GONE-NEQ--R )) TEN.
2 169. VELDOT(I) 0.0
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2 170. IF (I .LE. 100 .OR. MOD(I,100) .EQ. 0) V.RITE (6.105)
2 . 71 - ---------. X4'MArf i x, I THE MISSILE- IS STTtt ll t' y
2 172. ELSE
2 173. VELDOT(I) = FORCEMIMASS

*- 2 174 .ONE i .TRUE.."
2 175 IF (I .LE. 100 .OR. MOD(I,100) .EQ. 0) WRITE (6,106)
2 176. 106 FORMAT(IX,'THE MISSILE IS FREE AND ACCELERATING')
2 177 . . . . F ... .... ... . ....... ..... . . .
2 178 *
2 ... 179. **** CALCULATE THE NEW VALUES FOR THE NEXT TIME INCREMENT **

. 2 180.-----SING A7 SIMPLE YNEW = YOLD -DY/fT*DETA T-TY'EOF--FORMUTIA.-
2 181. *1 1821 PFLASK(I+1) - PFLASK(I) + PFDOT*w

1 183. . ( [4'[ ,1.X(I) + XDOT(T)*W
1 184. XDOT(I+1) XDOT(I) + VELDOT(I)*W

-1 185 PTUBE(I+1) = ( KENRGY - ( 0.5*MIl0ASS*( XDOT(I+I)**2 ) ) -

- ... 86. c_ (2. 5PFLASK(I+1)*VFLASK) )- (2:5-Kr-T1T'w-UBE)-
1 187 *
1 188 ******** WRITE THE CALCULATED RESULTS **
1 189 .- ONLY FUkRTHt FIRST 100 ITERATIONS 'ANEER7-'1O0UH--THn1EAFT R•
1 190.
1 191 *
1 192..... .i .LE- 100 .OR.'DD(I,OO-E0-OTiq r-T -
1 193 *
2 194 WRITE (6,108) 144*AVALVE
2 195. 108 ORMAr(1X,'THE VALVE OPENING SIZE-T TS--"-)-"'-CIA
2 196 WRITE (6,109) I,T
2 197 109 FORMAT(1X,'THIS IS THE CALC FOR POSITION ',15,5X,'TIME ,E14.8)
2 198. WRITE (6.i10) PFLASK(I)/144- PTUBE(I/T1----......
2 199 110 FORMAT(1X,'FLASK PRESSURE IS,PSIo,E14.8,5X.,TUBE PRESSURE IS'
2 200 CE14.8)
2 201.. . WRITE (6,1111) X(I),XDT(I),VELOTrT 1
2 202 111 FORMAT(1X,'X IS',E14.8,SX,'XDOT IS ',E14.Z,5X,lVELDOT IS
2 203 CE14.8,'UNITS OF FT,SEC')

2 204......... WRI[E 46,112) FORCE
2 205 112 FORMAT(IX,'FORCE = ',E14.8#3X,'POUNOSFORCE')
2 206.*
2 207. END IF.
2 208 *
2 209 ******* CHECK FOR ERRORS AND OUT OF BOUND VALUES ***
2 210.
1 211 IF X(I) .GT. 30.0 ) THEN
2 212 WRITE (6,147) XDOT(I)
2 213 14r 1ORMAT('O ','**,'','FTNAL--ELMT-Y--S-.t-'E1 .- -'rT ")
2 214 WRITE (6,148) X(I),PTUSE(I)/144.0.PFLASK(I)/144.0
2 215 148 rORMAT(IX,'X= '.E14.8,SX,'PTUBE= ',E14.8,5X,'PFLASK= ',
2 216.. . .CE - PSI'). ................... ..... .

2 217. WRITE (6,146) I,T
" 2 218 146 FORMAT(1X,'I IS'.5.5X,'T IS ',E14.8)

2 219 . . 0O TO 150 ..... .........
2 220. * *EXIT THE LOOP*

2 221. END IF
I 222. IF (--PtUBE(I) -T--'O--STOP-IHAITRDU-TLE'B S'NEA'TIVE"
1 223. CALL OVUNFL(L)
1 224. IF (L .NE. 2) STOP 'OVER OR UNDERFLOW HAS OCCURRED'
1 .... 225 - ***-STOR-THE- VALUE OF I FOR PLOT PURPOSES-,,--
1 226. QUIT z I
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1 227.

* 1 229. *****PLOT THE DATA *

1 230. **THIS PLOTTING PORTION USES DISSPLA
1 231: * IS N~cESSARY TO LIB N, ADISSPLA

1 232. **FOR REFERENCE SEE THE DISSPLA BEGINNERS MANUAL

1 234. *

1 235. * CONVERT THE PRESSURES TO PSI FOR PLOT PURPOSES s
__ 236. 150 DO 200 I = 0QUIT____________________

1 237. PT~jl3(T PUE )T40-_______________
I 23R. PFLASK(I) =PFLASK(I)/144.O

1 239. 200 CONTINUE____ ____________

1 240. *

1 241. * CONVERT THIE ACCELERATIONS TO G'S FOR PLOT PURPOSES *-

___242. DO 300 1 O,QUIT______ ___________

1 243. V E L b0T(I -1 VELDOT(I132.2 -____________

1 244. 300 CON TI NUE
1 ___245.

246. CALI 660LM-----------------__ __-__

247. CALL TITLE('PRESSURE CHARACTERISTICSS',100,'TIME, IN SEC.,12.
__248. _ __C'TII3E AND FLASK PRESSURE. IN PSIS',100.6.0,6.0) __

249. CALL GRAP(0.0,0.04,0.40.0.0,200.0 160 0- Y)- --
250. CALL MESSAG('MISSILE MASS 800 LB'.1LETGO 160.000 LB$,100,0.3,0.3)
251. CALL CURVE(TAUIPTUBE.QUIT,+25) ___ ________

252. CALL CURVE(TAU.PFLASkQUIT,0+25) -_________

253. CALL ENDPL(I)
__254. _CALL BGNPL(2) _________

255. CALL-TITLE('MSSILVELCry,,1'.f6ISPTMrttTFET'100I
256. C'VELOCITY, FEET/SECS,100.6.0.8.0)

__257. ___CALL MESSAG('(800 LBf,1, 1200 PSI)S'.100.0.8,C.3)___
258. CALL GRAFIO.0,5.0,35.0.0.0,50.0,70-0.0 _ ___ ___

259. CALL CURVE(X,XDOT,QUIT.O)
_____260. - CALL ENOPL(2) __ ______________

261. CALL BGNPL(3)------------_______________

262. CALL TITLE('MISSILE ACCELERATIONS'.100,'TIFAE, SEC1,9,
_ __263. .C'MISSJLE ACCELERATION, GS',100.6.0,8.0I__ _________

264. CALL GR4AF(0.0,0.04.O.*40,0.0,50.01400.01-
265. CALL MESSAG('(800 LS.i, 1200 PSI)S'.I00,o.3,C.3)

___266 .- CALL CURVE(TAU.VELDOT .QUIT,C)___________
267. CALL t~bPL(3)---------________ ___________

268. CALL DONEPL
269. ____STOP 'REACHED END OF PROGRAM' _____ _____

270. ~ O.............. -_____-__ __

END FTN 414 IBANK 18736 DBANK ____________
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*FTNS FORTRAN.SVALLVAL
FTN IORiA 07/26/82-09:59i34,)

I. " THIS IS A PROGRAM TO SOLVE TIE SY'STEM OF 'S INVOLVED

2. * IN THE GASDYN-"MICS ANALYSIS OF 'HE MINIVAL
3. " WE USE A SIMPLE EULER METHOD. SINCE COrPUTER TIME IS CAV.

4. W WE ONLY NEED 2 DIGIT ACCURACY. AND OUR EQUATION! APPEAR TO

5. HAVE A FAIRLY SLOWLY VARYING DE.,IRVATIVF.
C.

"" ALL WUR;ING UNITS ARE IN FOOT-PUUNDS FORCE-SLL$:S SYSTEM.

9. $OQR INDEPENDENT VARIAbLE IS I IME, r
10 ' WE IN4ZEX OUR TXML 1IvISIONS 1IH THE INTECER 1,
11. = W StOR" THE VALUES OF FLASK PPE:*;SURE YN APRAY PFLASK.

12 * THE VALUES OF BARREL (OR TUBEi PPLSSURV IN tRRAY PIl.E.
13 ** THE VALUES OF OISSILE CISPI.ACME'IT FROI. THE REAR WALL IN ARRAY X,
14. *', THr VALUES OF IGSSIL.E VELOCITY IN ARrA? X1,01,
15. AND THE VALUES OF MISSILE ACCELE1.1TION IN ARRAY VELDOT.
18.
17. -- TiE WIDTH OF A TIrE DIVISION IS W.

18. N AN THE TOTAL TIME ELAPSED AT POSITION I IS WoI = T
19. 4, THE VALVE OPENING AREA IS DESCRIBED EY THE FU!.CTION AVALVE
20. ,*. THE CP,;,QENT MISSILE FORCE IS STORE[) IN THE VARIABLE FORCE
21. *,* b*E F.I S!LE RELEASE FORCE IS CONTAINED IN THE VARIABLE LETGO .....
22. ,, THE INTTIAL FLASK PRESSURE IS CONTAINED IN rHE VARIABLE PFZERO

23. ,-* THE ?-'IShi.F MASS IS CONTAINE) IN THE VARIABLE MIMASS
24. ** THE Ti'.E DERIVATIVE OF THE FLASK PRESSURE IS CONTAINED IN'
25. * THE VARIABLE PFDOT
26.
27. THE EQUATIONS CON1TAIN \ARIOU CONST.NtIS .-l!CH WE CALCULATE EXPLICIrY *

29. *,* WE CALL THE ENERCY EQUATION CONSTANT KAEE,;RWGY
29. *-' WE CALL THE FLASK EXPANSION CONSTANT KFLASK

30. *** WE CALL THE INitLAL FLASK A;R MASS MASS I.
31. *"" AND THE INITIAL TU3E AIR lA5S M.,SSI
32. ''* CALL THE INITIAL URE PRESSURE PTUE(O.
33. - A.D THE TUPE CASS-SECTIC'EAL ARA ATU .
34. " THESE ARE CA!('ULATED FgCM INITIA CODITIONS WHICH ARE BASIC:
35. *. THE FLASK VOLUMEI IS CONTAINED i' VFLA. .
36. *4* THE INITIAL SiSTEI TEMPERATURE IS CUNIA.NEr IN TEMPO
37. ** THE AIR GAS CONSTANT IS CONTAINED IN R
28 *- THE VALUE 0; G;,VITATIONtL ACCEL. IS '3 32.2 FT/,.,rC2

.40. " THE FCLLCWIF- VARIA.LrS ARE USED F,-,r LOG:LAL F'PL-POSES
41.
42. *,, THE VARISLE GONE IS USED TO TEST FOR .. T.EN THE '.'ISSILE
43. ** IS STILL -- LL OR NOT

44. ** THE VAPiABLE PIECE IS USE' TO SPLIT TIEl UNLHIOKED :'f1oT
45. EQUACI(. , ;ITa T: O PIECES FOR EASE .-J A' 1,ZN AND 10 EASILY

6. *. CHFC, IF IFSE SQJARC- ROOT IS NEGA TIVE (P LS. > PFLASW AND *ALY)

47. w, TrL VAR!AGLE QUIT IS US.D TO cL THE PLOTTER WHEN
48 . * TO QUIT PLOTTING ThE POINTS OF TrIE RR.,,.

43. 

T

50. REA K1. NGY.KFLASK
s- . PEAL VFLASK,TE'.O

52. REAL R/53.3/,G,-32.2/
53. REAL MASSTI,MASSFI
54. REAl. ATUiSE
55.
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56. -** DECLARE THI
- 
VARIABLE TYPES

57. REAL PFLASK (0:3000)
58. REAL PTUBF (0:3000)
59. REAL XDOT (C:3000)

60. REAL VELLOT (0:3000)
61. REAL X (0:3000)
62. REAL TAU (0:3000)
63. REAL I ORL E
64. REAL PFDOT
65. REA. PIECE
66. LOG!CAL GONE

67. * THIS IS A VARIABLE TO TEST FOR PREVICUS MISSILE RELEASE

6a. * IF GONE = .FALSE. THEN MISSILE HAS NOT BEEN RELEASED
69. * IF GONF .TRUE. THEN MISSILE HAS BEEN RELEASED2 AND CANNOT 6EAGAIN HELD
70. *

71. REAL MIMASSLETGO

72. REt-I. t.. .. .
73. INTEGER I.N.QUIT
74. **-, ** INITIALIZE STEPSIZE AND NUMBER OF STEPS "****
75. *
76. W 0.0001
77. N = 2900

78.
79. ****** INITIALIZE
80. ,w WHEN CIANCE INITIAL VALUES REMEMBER TO CHANGE PLOT MESSAGES ALSO!!*

• ;' 8 1 . * ! ,. . .. . . .. .. . .. . . .. . ..

82. MIr, 1ASS = 500/32.2
83.. PFLAS,(O) = 1000*144
84. PTL:P!EO) 14.7-144
H5 X00T(O) 0.0
86. VELTiOT 0) 0.0
67. (OI v 0.3

88. LET,;O = 0.0
.-q* GONE .FALSE.

90.
91. '****** IPI TIALIZE BASfC CONSTANTS
92. VFL,%"S = E.67
93. TE',;" = 520.0
94. ATL: -3- 3. 1416, 7.2*42 )/14.1.0

95. MA..FT = (PrLASI' 0 ),VFLASYI,'(R*G-TEPO!

97. KF' .;GY = ("2.5-k' IEMP:"' (M-VsrI A.%I
KFL,',SK = MASSFI / (PF1ASK(.)f-0.7 )

99.
100. ',- WRIT" THE VALUES OF THE BAS[(; PARA'FTERS -- *

101

102. WR!rE (6,11) VFLA5K,,TE-.lPO
103. 11 t Llk'ATIIX,'FLAS' VOLUME 1S ,F5.1,X,'INI IAL TE,.IP ,F5.1)
104. WRITE (6,12) ATu[E.
105. 12 FOR-1AT(IX,'THE TUBE CROSS-SECT101; 1S 'F5.3,' SQUARE FET'
106. WRITE (6,1C) PFL.SK(0)/14-.),1-,ASS,32.LLEIGO

107. 10 FO;-!,AT('O''PFLAASKi(0) IS ',E14.9,' PSI ,5X 'MIMASS IS,LBM'.

108. CEI4.8,5X,''ETGO IS ',E14.a,3x,'POUNOS FLRCE')
109. WRITE (6,13) MASSFIMASSTI
110. 13 FOR%4AT(IX,'MAbSFI IS',Et4.8.5X,'MASSTI IS '.E14.83)

ill. WRITE (6,14) KENRGYKFLASK
112. 14 FORMAT(1X,'KENRGY IS ',E14.8.5X,-KFLASK IS ',E14.6)

.C-
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113. *

114. **~**BEGIN ITERATION
115. * WE CALCULATE AND WRITE VALUES FOR EACH TIME INCREMENT
116. **AND THEN LOOP BACK TO HERE TO BEGINANEW -INCREMENT
117.
Ila. DO 100 1 a O,N

1 119. * T =I'~w
1 120.
1 121. *'CHECK FOR OUT OF BOUND VALUES*4

1 122. *

1 123. IF ( PFLASK(I)**O.29/iKFLA5K*VFLASK) .LT. 0.0 )STOP 'SORT OF
1 124. C CHOKED FLOW PFDOT EQN IS NEG'

1 125. *

1 126. *****STORE THE VALUES OF T FOR PLOT PURPOSES *--

1 127. TAU(I) = T
1 128. ,*

1 129. 4 -- SET THE VALVE OPENING VALUE -- -

1 130.
1 131. . IF (T .LT. 0.0) THEN
2 132. AVALVE c 0.44*(T**2) +0.02*T + 0.02
2 133. ELSE
2 134. AVALVE z 3.14*25/144
2 135. END IF
2 136.
2 137. ~ *-4SET THE VALUE OF PFDOT FOR THIS ITERATION --

2 138. *(FIND IF FLOW IS CHOKEU OR NOT) AND THEN WRITE THE INFO ~
2 139.
2 140. *~~** CHOKED VALVE FLOW *4

2 141.
1 142. IF (PTLiBE(I)/PrLASK(I) .LE. 0.528) THEN
2 143. .PFDOT =-I*PFLASK(I) * AVALVE
2 144. C SORT( FFLASK(I)4*tO.29/(KFLASK*VFLA5K)
2 145. IF (I .LE. 100 .OR. MOD(I.100) .EQ. 0) WRITE (G,171)
2 .146. 171 FORMAT( 0', 'THE VALVE IS CHOKEDJ.................
2 147. ELSE
2 148. **4* UNCHOKED VALVE FLOW
2 - 149. -

2 150. ------ ** DIVIDE UP PFDOT INTO TWO PIECES
2 151 . *AND TEST FOR CORRECT ARGU*1ENT *
2 ~.152. - PIECE =(PFLASK(I ), ;.29 - PTUBE 1)--0.29)1-1V FLASK' KLASf)_
2 153. IF (PIECE .LT. 0) THEN
3 154. WR IT E (6.17) PIECE
3 155. __7 - FORMAT(X,'PIECE HAS THE VALUE ,E14. 8, AND HAS F3EEtN SE.T T0_0_,)
3 156. PIECE = 0
3 157. END IF
3 18 * -
2 159. PFOOT = -3.8-AVALVE* (PFLASK(I)**0.29q) *(PTUBE I)=-0.71)
2 160. C SQRT( PIECE)
2 161. -IF (I .LE. 100 .OR. MOD(I.100) .EQ._o) wRITE (6,170) --

2 162. 170 FORMqAT('O.,'THE VALVE IS U;CHOKEU')
2 163. END IF

164..
14 165. *4444IS !AISSILE MELD OR RELEASED? ~
2 166. *

1 167. .- FORCE = PTUBE(I)*ATUSE
1 168. IF (FORCE .LE. LETGO .AND. (GONE .NEQV. .TRUE.)) THEN
2 169. VELDOT(I) =0.0
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_2 170. IF (I .LE. 100 .OR. MOD(I,100) .EQ. 0) WRITE (6,105)
2 171. 105 FORMAT(IX,'THE MISSILE IS STIL.L HELD')
2 172. ELSE
2 173. VELDOT(I) FORCE/MIMASS
2 174. GONE = .RUE. "
2 175. IF (I .LE. 100 .OR. MOD(I.100) .EQ. 0) ARITE (6,106)
2 176. 106 FORMAT(IX,'THE MISSILE IS FREE AND ACCELERATING')
2 177. END IF
2 178. *

2 2 - 179. *2**1 CALCULATE THE NEW VALUES FOR THE NEXT TIME INCREMENT **
* 2 180. USING A SIMPLE YNEW = YOLD + DY/DT-OELTA-T'"fvPE OF FOR!.lULA_ ,

2 181. ***
1 182. PFLASK(I+I) = PFLASK(I) + PFDOT*W
1 183. X(I+l) = X(I) + XDOT(I)*W .. . . .
1 184. XDOT(I+I) = XDOT(I) + VELDOT(I)*W
l I 185. PTUBE(I+1) = ( KENRGY - ( 0.5*MIVASS-( XDOT(I+I)**2 ) ) -
- 186. C (2.5*PFLASK(I+1)*VFLASK) I / (2.5-X(I+i)-AIUBE) .-.--
1 187. *

I 188. ******** WRITE THE CALCULATED RESULTS "*w
1 189. • ONLY FO1 THE FIRST 100 ITERATIONS AND EVERY-|O0TH THEREAFTER *
1 190.

* I 191.
1 192. IF (I .LE. 100 .OR. MOD(II00) .EQ. O)-WEN .
1 193. *
2 194. WRITE (6,108) 144-AvALVE
2 1 5. 108 FOP,ATI1X,'THE VALVE OPENING SIZE Its TSoiN) 'EI4BF .

- 2 196. WRITE i6,109) I.T
" 2 197. 109 FORf.IAr(IX,'THlS IS THE CALC FOR POSITION ',15,SX.'TIME ',E14.8)

2 198. WRITE (6,110) PFLASK(I)/144, PTUBE(t / 144... ..
2 199. 110 FORMAT(IX.'FLASK PRESSURE IS,PSI,',EI4.8,5X,'TUBE PRESSURE IS'
2 2C0. C.E14.8)
2 201. WRITE (6,111) XkI),XDOT(I).VELOOT( )........ ..... .....
2 202. 111 FORMAT(1X,'X IS',E14.e,5X,'XDOT IS ',El4.P.5X,'VELDOT IS',
2 203. CE14.8,'UNITS OF FT,SEC')
2 204. WRITE 16.112) FORCE
2 205. 112 FORMAT(1X.'FORCE = ',E14.8,3X,'POUNDSFORCE')

* 2 206. *
2 207. END IF
2 208. *
2 209. *?*-*** CHECK FOR ERRORS AND OUT OF BOUND VALUES ***

"' 2 210. . .. . . ..
2 211. IF ( X(I) .GT. 19.98 ) THEN

" 2 212. WRITE (6,147) XDCT(I)
2 213. 147 FORWT(10,'*-**','FINAL VELOCL1YIS E14.8'FT7SElr)T......
2 214. WRITE t6,148) X(I),PTUSE(I)/144.0.PFLl." (I)/144.0

* 2 215. 140 FO-'AT(1X. ;= ',E14.8,5X,'PTUBS= ',E14.8,5X,'PFLASK&
2 216. CE14.8.' PSI')
2 217. WRITt 6,146) IT
2 218. 146 FORAT(lX,'I III5,5X,'T TS '.Ei4.8)
2 219. GO TG 150
2 220. ,EXIt THE LOCP*
2 221. END IF

222. IF ( PTU;3E(I) .LT. 0.0 ) STOP vHALT&DU7 ,:p TUBE IS NEGAIV -

1 223. CALl. OVUI'FL(L)
1 224. IF (L .NE. 2) STOP 'OVER O1 UNDERFLOW HAS OCCURRED'
1 225. "*** STORE THE VALUE (IF I FOR PLOT PURPOSES -

* 1 226. QUIT - I
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1 227.
1 229. 100 CONTINUE
1 229. ***~*PLOT THE DATA *

1 230. *.THIS PLOTTINJG PORTION USES DISSPLA
1 231. *=IT IS NECESSARY TO LIS N AD1SSPLA
1 232. **FOR RErERENCE SEE THE DISSPLA BEGINNERS MANUAL
1 233.
1 234. *

1 235. **CONVEPT THE PRESSURES TO PSI FOR PLOT PURPOSES

236. -150 DO 200 1= 0.O1T

*1 239. -200 CON U ~E
240.

1 241. * CONVEPT THE ACCEIFRATIONS TO GinS Fop PLOT PURWOSES*4

300. DO OO0 I O.QUIT

244. 300 CONTINUS
1 245.

246. C-1A 3N 2S.lL (1
247. CALL TITiE('PRESSURE CHARACTERISTICSSI.10,'TIME, IN SEC-0,12
248. C'TUP' ArU1 FLASK~ PRESSURE, IN PSI$-,100,G.0,G.O)

249.CALL ,UPAcIO.O.O.04,.4.C,Q.O.200.0, 1600.0)
250. CALL1 POE$CSAI( 'MISSILE WASS 500 LS'.1,NOL TESTS',100.0.3.3)
251. CALL CUR..*F(TAIJPTLJBE,QUIT,+25)
252. CALL CUR'VE(TAU, PFLASi%,QlJIT.+25)
253. CALL ENDPL ( I
254. CALL r-,G NPL t; ' (2)--

255. CALL TITLE('MISSILE VELOCI
T Y'.16.'DjSPLACEMAENT, FEErs,,100.

256. CVELOCITY, FEET,'SECS',10O..B0)
257. CALL MESSACt'(500 L56i, 1000 PSI)l' .l00,(.S,0o.3) .

258. CALL GRAF(O.5.O,35.0,0.0,50.0,700.O)
259. CALL CURVE(X,XDOTQuIT.0)
260. . CALL ENDPL(2)
261. CALL BG!1"L(3i
262. CALL TITLE( MISSILE ACCELERAT.ONS' .100,'T'.ME. SEC' .9,
263......CMI SSI LE ACCE LERAT ION. GS',100.,6.0, .' 0
264. CALL GRAF(0.0. 0.04,0.40,0.0 .50.0.400.0)
265. CALL IJESSAGC'(500 LBMA. 1000 PSI)S'.100.0.3.0.3)
266. - CALL CL'RVE(TAU:VELDOT,QUIT.0)
267. CALL ENDPL(3)

-'268. CALL DONEPL
269. STOP 'REACHED END OF PROGRAM'
270. END

END FTN 412 ISANK 19731 DSANK
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gmap mzp Irule';.sj'ailva,fortran.smalivaI
MAP 30ki S74Thl 07/26/02 09:59:49 (3)
SIAR~zt06133, PkCG SIZE(IDlz23543/38702
SYSS*Ri '0$. LFVCL 7MRIA
EN.D MAP. ERRCPS: 0 TIME: 36.434 STORAGE: 23729/160C467711 77

FLA )' k9LtCME !S 03.7 INITIAL TEMP 520.0
1UfF 7JF:L. CROSS-SECrION TIS1 1.131 SQUARE FEET

PFLASKtC) IS .1000000+004 PSI MIMASS IS,LB!J .50000000+3n3 LETGC IS .00000000
IV'.FSF1 :5 .1198,1273+001 MASSTI 15 .80476308-003
KEJRGY !S .31229954+007 KFLASK IS .30433912-003 NOTE THAT THE MASS OF THE FLASK GAS IS INSIG-

NIFICANT (45LOM TOTAL) COMPARED TO THE
*Tlic VA! VE IS Cl;PKE MISSILE MASS, SO THAT ITS ACCELERATION MAY

-7 THE MI. ',IL,: :S FREE AND tCCELERATING BE IGNORED.
*THE At'0 t SIZE IS (SORIN) .78499999-002

H HIS U71' CLC FOR POSITION 0 TIME .00000000
* FASK~.S~tr~ I~PS. .O00000+004 TUBE PRESSURE IS .4:-00C0002

X 15 .hQ00Do'o+r'o XrOT IS .00000000 VELDOT IS .15417682+003UNITS OF FT.SEC
FORCE r -23'):-iC'4004 POU!4DSFORCE

THE VAL.E IS CHO'xED
*F.Is Ii S S FP!FF AND Af.C!l~uRATlNG

THE 14A'- E~3 i SIZE IS IS~dRI!J) . 7 6L99V99-!002
THIS I,- r-E r~. FOR POS!7TOJ IIE.0000-o
I I- SK -' US JF4W S , -S I , .. 9'"40t.507.003 TUBE PRESSURE 1S .160.431 8*003 __

X :s ..:'v"0031'>z+jco XDOT IS .15417682-001 VELOOTi'S k-bi12+O4NTSO F.E
rf.C 27 1i 3542+005 P0UwoSFF4.E

THlE VAI vE IS CH~jv.'D
THE MISS-ILE IS rREE AND ACCEIErATING
THF VAi-7~I' SIZE IS (SQ'41) .7849g999+C02
THIS J.1. TPF J~L.COR POSIT!'.1I 2 TIME .20000000-003
FLASK ESuEI,-.PSI, .9eUifiO534003 TUBE PRESSURE IS .31723118*003
X 15 .2"oc0IS'4+SQu XDC! 13 .190C2889 0O0 VELDOT IS. ..33271902+OO4UN.IT.S %3F _F T.,SEC.--
FORCE .51y 64443+CO5 "OUNDSFORCE

IHE'VAI. F !S C''E
THE MI3I~IS FE AND AC"'tLERATING
THr VAL:E 0P..N;SZ S SRIN1 .7b499999+002
THIS: I ; HE C*,LC' FUR POSIT 1014 3 1 IMlE .30000000-003
FLASK ;IE5SU~iE IS.PSI. .9f'2301 06+003 TUBE PRESSURE IS .4t, ..1354+0-
X IS ' itO020y4*000 XCLIT IS .52274790+000 VELDOT IS .48970914+004UNITS OF FT,SEC
FORCE .7Go0417,??*005 PO','N0.SFCRCE

THE VAiVF IS UrJCHDKED
THE -VI ' -. rtE 1"; FVFE AND0 ACCELERATING
THE VAL E U'l.3SIZE 15 t;QlNl .78499999+002

FLASK POESSUPE V,),PSI, .97648136-003 TUBE ProLSSIJRE IS, .6Vy,4 6 013+003 _

X IS .:~022~3 XDOT 13 .10124570+001 VELUOT IS .6.45F0806+0*34UNITS OF FT,SEC
FORCE =.100"34!7+006 PCUNDSFORCE

THE VALVE IS UNCHCKED
THE MISSILE IS FREE AND ACCELERATING
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THE VAI.';E 09'!NING SIZE IS (SQRIN) . 78499999+002
THIS IS THE CALC FOR POSITION 5 TIME .4;4999999-003
FLASA( PRF.SSURE IS.PSI, .970879234-003 TUBE PRESSURE IS .75821222+003
X 15 .3C017406+00C XDOT IS .165796T51-+001 VELDOT IS - Y595+04UIT OF FT.SEC
FORCE =.12348286+006 r'LrNDSFORCE

THE VALVE IS LN,-.A7ED
THE MI-z'ILE IS FREE AND ACCELEPATING
!HE VALVE OPF1 -INVZ SIZE !S (SQRIN) .78499999+002
THIS If- THE C4LC FOR PoSirI:?!; 6 TI1ME .60000000-003
FLASK V,;!FSU':E IS.PSI, .9C;.0,O3C1+003 TUBE PRESSURE IS .80050iCS+003 - -

Y is .3flO3392'E+000 XDO IS .24531946-001 VELDOT IS .923688B2+004LNITS OF FT,SEC
FORCE .14 339FC7P+006 F OlJNDSFOPLE
PIECE HiS THE VALUE -. 382139074-001 AND HAS BEEN SET TO oNOTE THAT THIS GLITCH IS DUE TO STEPSIZE

CHOICE AND DOES NOT APPEAR TO MATERIALLY
AFFECT THE SOLUTION. AS INDICATED BY RUNS

THE VA ',F IS LJC';ED-WIHSALRTEIE.
THe MifSILE IS FPr!;E AND AC,-ELERATiNGWIHSALRTEIZ.

THE VALVE OPh~~IZE I5 (SON IN) .73499999+002
THIS IS THE CALC FOR POSITION 7 TI1f0E .70000000-003 _

FLASK PFSSURE !5.PSI. .9t'2754474003 TUBE PRESSURE IS .0';33526+003
X is .300EC85174-0Oc X00; IS .33766834+001 VELOT IS .101CS915+O05UNITS OF FT'SFC

FRE- . 15E397073rC 06 PUIJNDSFORCE

THE VAII& IS lUNCHO!0,.ED
T'-iF M%415IlE Fr Fr' AND ACCELERATING - -

THF: VALVEOP-.l SIZE IS (SQRIN) .78499999+002
THIS IS THE CALC FOR POSTTION a TIME .80000000-003
FLASK( IFS'JE1,PSZ, .962754 4 7+003 rueE PRESSURE IS5 .9 -62256--7+003
X IS .2 (IU922,7.4+000 XDOT IS .43875750+001 VELOOT is .10092355+O0bUNITS5 OF Fr,3E-C
FORCE =. 15(713630+006 POUNOSFORCE
PIECE HA.S rH VALUE -. 15795720+002 AND HAS BEEN SET TO 0

114E VAt'fE I S j.-flalkED
THE !Fw15S5ILE !S VP-E AND ACCELERATING-
THE VAL*.L CrI3SIZE IS (SQRIN) .78499999+002

THSIS THE CLFRPSTIN 9 TIME .90000000-003
FLASK( Pf'SSP 15.1SI. .9-,2,1;9844003 TURE PRESSURE IS .96 6962C2+003-- - -

X IS .2'1361-,91O'0 XCUT IS .53968105+001 VELDOT IS . 10141709+065U-NilS OF FT.T5EC-
FORCF -. ~r+006 PlnriO!rS FORCE
PIECE Ii;.S THE VAI'F -. 702Et 507+001 AND HAS BEEN SET TO 0

THE VAiVE 1S L.NClw:KFD
W-' VISrS;LE 15 FREE AND ACC--ERATING
THE VA:,E O(' NTNC SIZE IS (cORIN) .76499999+002
THIS IS THE CAIC 7OR PosiriON 10 TI ME c)Y999999-003
F LASK !';E SSU " E P --:I , 9522IR9844 003 TUBE PRESSUJRE IS -964!477 14+003
X IS .30190127-COn X2LCT IS .64109C-14+001 VELDOT IS .1Q1f564ar005UN-ITS OF FT,SEC
FORCE . 157C-i.-27 p006 PO.j:.D3frCRCE

THE VAlvE IS UNjCH'ZKED
THE MIZU ILE IS FREE AND A .CELEq-47INU
THE VALVE OP %-ING SIZE IS ' -QP I %) . YS499999i-C032--
THIS IS THE CALC FUR POSITION 11 TIME .11000000-OC2
FLASK FPRESSU.?E IS.PSI, .9624S9H4+C03 TUBE PRESSURE IS .9UI55155+003
x IS .30254227+-00? XDOT IS .74225461*001 Vr.LOOT IS. .lr-0493+OOSuNIF; OF Fl,5EC

*FORCE =.I56e3961+006 POUNOSFORCE
PIECE HAS THE VALUE -. t8518637 002 AND HAS BEEN SET TO C

copy avaicble to D110 doesno
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THE VALV IS UtNCPrCKED

Tflk MISSILE IS FOEE AND ACCELERATING
FHEi VALVE OPENIN3 SIZE IS (SQRIN) . 7841999P~+002

*THIS IS THE CALC FO OIIN 1 . E .12C0000-002 _

FLASK' P';ESSURE I>,PSI, .r'~?2677,+003 TueF PREScURE IS .90,7362 T6+O03
x is X.0TI P314441 fDO I 10,'5BS00UI0 O T.E

FOR~CE .;1 5 4,' 00 F O'_ '!4.SF CRC E
PIECE 11A,; 111, v-LUE -. 50375094+001, AND HAs BEEN SET TO 0

TH-E VAL'. - IS U .CHZCKED
THE MISU!L1.E FPFE AND ACCELERAITING
Tr'F. 'vL : Or-,IN3 SIZE IS (SQRTN) .78499999+002
THIS I'- !HE LA'LC rOR POSITION 13 TIME .13000000-002
rLASK ', ,.PSI, .VG62l2G7 443 TUBE PRESSURE IS .963bS1C3+003
X IS;.C~273~C XDOT 13 .944366412+001 VELODT IS .101C5934+0OSUNITS OF FT.SEC
FORCE 15. 1 924 '5 + 006 POUNDOSF 0RC E.................-

T -lE VAIVE I S U%*;C'F1'.FD
THE MlI$tLE iS FREL AND ACCELERATING . .. . ..-.-. . . .

THE VAi .' CPFN,ki'- SIZE IS (5 RJN) .78499999-02
T4-IS IZ3 TWE ':PLCC FOR POSITION 14 1 IME .14000000-002
F LASK ; kESSU2.E i~. PSI . .9c:21267 7 4 03 TUBE PRESSURE 1S .9i 931050+001
X IS .&O 722.z+C XLIOT 13 .10456235+002 VELOOT IS .10061459+OO5UNITS OF FT.SEC
FORCE -. 1F 123__.3 540C6 P0JNDS)FCRCE
PIECE L3THL VALE -. 3138352G+002 AND HAS B.EEN SET TO 0

TH~E VALVE IS '-+JE
THE h~i! SI LE ISFRLE AND ACCELERATING -- - - -*-

THE VAfl'E f:lPr N,: SIZE IS (SR IN) .78499999+002
THIS IF, TWE C~CFOR POS ITLJIUD 15 T I-ME .1500C000-002
FLASK .- 1%U? 5I.PSI, .!CI',9850+C03 TUBE PRESSURE IS .97Q39202+003..............
X !S .~C119~CC XCCT IS .1146238C+002 VELDOT IS -101776E44+OO -UNITS OF FT.SEC

* F'2,rCE .1'?-7C6 POUNDSFORCE
* PIECE HAS T-iE VA,,LUE -. 132-J7702+002 AND HAS BEEN SET TO 0.- -- . .

TiiF VALV E IS UN 2 : KED
THE tllf- ICE % cr.' AND ACCELERATING . ..

TIIE VL .[ Or'-' 1', S47E IS;(~RN .78499999+002
THIS ISi TWE t'3L: FOR P,"SlTlt(N is., T 1,.IE .160O0000 -0O2
FLASK i .'_S'JE .Pi .9-'149f33003 TUBE PRESSUPE IS .9L525977+003 - . -

x Is *3l7;2F415-<.C' XCCIT IS .124301494002 VELDDJT IS .IOI,-3b56+09b5UNITS OF FT.SEC
F!2RCE .107 2C::7,>0. PUF~

TWE VAL'.L IS % .'ED
Tl;E i1. . Ic F;'r: PAD1;~ A CFLF.RATING
T"E 'VAL'AL L£ Y':..'.Z SIZ E IS T~N B9?+0 .. -.-. . -

'TlS i T E ~A FOR POSITP7,'v 17 TI1ME .1700U003O-C02
F LASK F F ~ iSPI .La5+0 03 TUBE PRESSURE IS .95'?72972+003
A IS ... 1''C XCOT IS .134912534-rC02 VELDOT IS. -..OC5856+0CUNIiS5_F -T.SEC...
FORCE .15.!?0211I'006 P3UNDSFORCE
PIECE H% ) T"L VAo-_1E -. 18152119+002 A*,.D HAS BEEN 5ET TO 0

THE VA:V I.'. uSN'-CKED
THE7 !PI~-~ TS FREE AND i.CCE'LRATING
THE V A E O ..' 1iU SIZE I S ; SOR IN) .78499999+002 -

T-HIS 1.1 TE %oL- FOR POS141UN ~~ TIME .16000000-002
* FLASK PkLSJ'iE I.S..963100062+003 TUBE PRCSSU4E 1S .9.'613SE7+0O3
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X I .0951 1CC XOT15 .14499120+002 VELOOT IS -1~3042+oO05uNJrSD_0sT.JSEC.
*1FORCE =.157345384-006 POUNDSFORCE

THE VALVE IS UNCHEIKED
1HE Y-fbSILE IS FREE AND ACCELERATING
THE VALIEC OPENEHU; SIZE IS (SO)RIN) .78499999+002
THI1S Is THE CALC FOR POSITION 19 TITME . 19000000-002

*FLASK "NRESSURE IS. PSI * .9u,100062t003 TUBE PRESSURE IS .95977307+003
X 1S .31131132+0CC XDDOT Is .15512424+002 VELDOT IS .10066310+005'JNITS OF FT.SEC
lORCE =.1 5E2u_0 16rf006 POUNDSFORCE

PEEHAS tHr V4LUE -.92960486+001 AND HASBENSTO0

THE VALV'E IS LN:'HCKED
THEHI% L IS FREE AN4D ACCELERATING
THE VALVE OPENI:sSG SIZE IS (SQR IN) .78499999+002

*THIIS IS IHE -'JALC IOR POSITION 20 TJME .20000000-002
FLASK PRESSURE !S,PSI, .9C 0585;E32+003 TUBE PRESSURE IS .9C-2212.-04O03
X IS .3'2862b0 +000 XOOT 1S .16519055+002 VELDOT IS .10102382+QOSUNITS OF FI.SEC
FORCE r. Iub6ECELfO-O0 POUNUSFOPCE -- -- .--- *.---.

* THE VALVE 15 U:NC 42KE0
THE MISSILE IS ESEAND ACCELERATING --. - --

THIE W~A YE 511t2 ~E IS (SQRIN) .784q9999+002
*-TUIS IS THE C"ALC FOR POS;ITION 21 TIME .21000000-002

FLASK PRESSUNE IS.PS1, .9C058582+003 TUBE PRESSURE 15 .956006800+003. -

X IS .3d1f7CC XDOT IS .17529293+002 VELOOT IS .10027451+OO5UNITS OF FT.SEC
FORCE r . 1 5;70E-76+O06 1;-CUNDS)FCORCE
PIECE H.,, T-IVAU -. 28433633+002 AND HAS BEENSETOC ------ -

THE VAi YE.' IS I~~IE
TH4E 15IL i FREE AND ACCE'LERATING-----
THE VALVE_ OP-It SIZE IS I t Q0RIN) .76499999-t002
THIS I, T.HE CALC FOR POSIflOiN 22 T I'ME .22000000-002
FLASK P.1ESUE I5,.PSI. .959a'7 9173+003 TUBE PRESSURE IS .9C703661+003
X IS .3G6X.% ZCT7 Is .18532038+002 VELDOT IS .101IE0882+OZSUNITS OF FT,SEC

*FORCE . 157622,10+006 FC-UND -FORCE
PIECE HAS THE V-ALUE -. 31762G -24+000 AND HAS BEEN SET To 0

THE VA LV! IS UYKH'_.6CKED
THE MUlSILE IS FFSEE AND ACEL:FATING
THE VAi +E UP''I; SIZE IS (-RI .E-9c+C
TF4iS IS TN5 GALSr FOR POSITIF'N 23 TI-I't .2300000v-002
FLASK P!!FSSUR'E IS.PSI. .9597917j+003 TUBE PRESSURE IS.9o i6+a
X IS .3181'2060+000 xuor IS .125 47126+002 VELDOT IS *ICCC,744+00OUNITS OF FT,,SEC

-*FORCE - . ISIUT--4V OC P p0tu;.;CRC

THE V A LY.E I S LUI-,H"OKE D
TH4E MI>S'LE IS F<EF AND ACC(ELERATI!--
IHL VAc:,L CiIZSZ IS QRI) . 76499999+002
THIS IS INC & LL, FOR POSWTC\ 24 TI mE .21000000U002
FLASK PQESSUVE IS,PSI, .I:h979173-C03 rUBE PRESSURE :S .9t'10;1417+003
X .S .32007521+2,Cc X%"T is .20553970+002 VELDUT IS .E980j7379+oQ4UNITS OF.FT..SEC-
FC:iCL .1 5402'L4t,+006 PCUND4ISFORCE

* PIECE W*S THE VA'LUE -. 34244672+002 AND HAS BEEN SET TO 0

THE VALVE IS UMOCHOKED
THE P#MISSILE IS FREE AND ACCELERATING

,wr -w joble T
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* THE VALVE OPENTNS SIZE IS (SOrIN) .78499999+00 .e.

THIS IS TH4E CaLC FOR POSITICN 25 TIM.E .25000000-002
*FLASK rFSSU;'E I5n.PSI, .95872613+003 TURF PRESSURE IS .9wji11 346 +003

x is .2130co'+:O0 XCOT IS .21551944m*002 VELDOT 15 _,.10156932+OO5UNI_ T QEf FT4EC.

FORCE . .15-17f5*.,4+O06 FCUNDSFORCE
* PIECE HAS THE VAL IL -.21859236+001 AND HAS BEEN SET TO 0

THE VAL E IS UNCHOKED
THE Ml' S:LE IS FPEE AND ACCELERATING

THE ALVEOP.NC SIZE ISSQRIN) .7B499999+002 . . . .

THIS IS WHE C 1L(_ FOR POSITION 26 T IME .2G1000000-C02
FLASK *P LSSURE I S. PSI , .21 3+V03 TUBE PRESSUJRE IS .95934243+003

." I 228~CS Xz)T 15 .22567637+002 VELO3T. .$-- _.100E-j794+Q0.rUNI.T5 OfE .TJ.SEC_._
rOR;CE . 15-_233 0240O6 rC,'jDSFOPCE

TI4L VAIL.' 1 IS.'~CKED
THE Ml ;,7LE 15 :E iAND ACCELERATING
THE VALViE UP!:N1:10: SIZE IS ISOHIN) .783499399+002
THIS IS THE CAL-- i: POSIrICN 27 T IIE .27000000-002. -. . .

ILASK 'zSU'-E !5.P51, .. !' 172r.13+003 TUBE PRESSURE IS .95000107+003
x I S .:3 G 5 42,,+ 30 vxOC.15I .23573817+002 VELDOT IS .99638193+004UNIIS OF FT.SEC

- FORCE =.15;-11761.+006 POUNJDSFORCE - -....... ---- - --

FIECE W.S THE VAL-E -. 29777qbe4C.02 AND 1HAS BEEN SET TO 0

* I HE VAtI .It' IS UNJC 4.D
* THE~irl M!S.LE IS FPr-E AND ACL~A~J

THE VALv O1 SIZE IS iSORIN) . 7 8 4 9 9 9 9 0 0 2
* fINlS IS HiE :AL' FOP POSITION 28 T IMP1E -2s000000-002--.. . . .-

F LASk ".P I4SI, .977i 2656+003 TUBE PRESSURE IS .96603952+003
* ~ ~~ is IS.290<+ 0 xrOT 15 .24570198+002 VELDOT IS .10132034+OO5UNITS OF FT,SEC

ORCE .157a2WJ2+0 POUrjOSFQRCE ~..-..

THE VAI'.F IS LN-HI'KED
THE tM1Sr,!E !S rl, AND ACCELERATING ... . - -

* THE VALfr OP IN SIZE IS ISORIN) .73499999+002
*THIS, IS THE .,L:OR POS I ION 29 T IME .29O00000-002
-FLASK( ![!YEcS.Jlr'E IS.PSI. .957623561*003 TUBE PRESSURE IS 955951S,8+003

x is IS 037--i)3 xfT , Is .25583402+002 VELDOT IS .10026234+OOSUNITS OF FT.SEC
FORCE :. 15:;C$I2?:+006 PDUN4DSFORCE

* THE VMiVE IS L,'~--KED
THE 153l. is ' AND ACCELERATING

* THE VAtLV'[O, LI SIZE IS (30RIN) .78499999+002
THIS Iq 7THE FAC OR POS(TION 30 TIM.E .30000000-002
rLASX 1' 53~ .PS!. .95714330+003 TUBE PRESSURE IS .9-3673532+003
X I S .J15 2, 3+ 0 )0 XLCOl IS .26586025+C02 VELDOT IS -. 10034450+0U&IT.. 0FFl.SEC..._.

FMrCE .. 1i5581444+006 P"Iu~toSFCRCE

THE VALVE 1SL5 13E
THL MI.-'4U.E 1', F FE AND ACCELERATING

*THi 'VALm.E -~.rZSIZE IS iSQRIN 1 .7849999+002
LiS I. fl.z -A"_: FOR POSI!'04 3 TiME . 3 00000C -001...........

FLASK *..~IS.PS!. .956,51,46 9 +003 TUBE PRESSURE 1S .951532F2+003
-X iS .3h(.573 '+OCC XDOo 1S .271583470+002 VELDOT IS J397S6846+004UNITS OF FT.SEC

FORCE - .I15.;C6715 +006 POUNZW07XICE-.- -- -----

PIECE m~s THE VALUE -. 14581137+002 AND HAS BEEN SET TO 0

bon 'vicll to i D7
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THE VALVE IS UNCHOKED
THE MISSILE IS FREE AND ACCELERATING
THE VALVE OPntING SIZE IS (SQRIN) .78499999+002

THIS IS THE 'SALC FOR POSITION 32 TIME .32000000-002
FLASK PRESSU'JE !S.PSI, .95604135+003 TUBE PRESSURE IS .9g014949+003
X IS .3"3933293+000 XDOT IS .28587458+002 VELDOT IS .10070258+O05UNITS OF FT.SEC
FORCE r .15637047+006 POUNDSFORCE ..

THE VALVE IS UNCHOKED
THE MIC. ILE IS FREE AND AC.ELERATING----... ...... ..... ................. .... ... ..
THE VA,%'E OPENI%.3 SIZE IS (SQRIN) .78499999+002
THIS I. ,HE CALC rCR POSITION 33 TIME .33000000-002
FLASK iRESSURE 1'.PSI. .9-C04135+003 TUBE PRESSURE IS..94W96310+003.
x IS .42I9137+C00 XCOT IS .29594484+002 VELDOT IS .99518840+O04UNITS OF FT.SEC
FORCE = .155323fi0-006 POUNDSFORCE
PIECE HAS rHL VALUE -. 15905048+002 AND HAS BEEN SET TO 0 .......

THE VALVF. IS U'.."JED
1HE MI.S LE IS FT :- -  

f1N: ACCELEPATING ..... . . ....
THE VALVI.LI',3 SIZE IS ISRIN) .78499999+002
THIS IS THE CALC FOR POSITION 34 TIME .341000000-002
FLASK PRFSSURE IS.PSI. .9b504494+003 TUBE PRESSURE IS .95954877+003 . ..

X IS .3;*. 15112+C^ XCOr IS .30589672+002 VELDOT IS .10063958+OO5UNITS OF FT.SEC
FORCE = .15627263+006 POUND3FORCE

THE VAL...'E TS 'hNCH'KED
[HE MISItE 13 Fl;.'E AND ACCELEPATING

THE VALVE APflI?.' SIZE IS (SQRINJ .78499999+002
THIS IS THE CA.C FOR POS!MION 35 TIME .35000000-002
FLASK -U.UPSI, .!51;04. 94+003 TUBE PRESSURE IS .9';769219+0C3

X IS .,;821 09c0o X'OT IS .31596068+002 VELDOT IS. ,99396033+OO4UNITS OF FTSEC
FORCE 15-;.;417-COG POUNDSFORCE
P!ECE HAS THE VALUE -. 12 '4644+002 AND HAS BEEN SET TO 0

THE VAL"E IS ,t:. CKED
THE :AIS1 LILE IS F-EE AND ACCELERATING
IHE VAL.L OPE. I::3 SIZE IS (SCRIN) .78499999+002 ..... ......
1HIS Is tHiF L'ALC FOR POSITIfN 36 TIME .3G000000-002
FLASK F;4ESSU.E IS.PSI, .9540372U+003 TUBE PRESSURE IS .9'5709239+003
X IS .3,13699+000 XDOT IS .32590028-002 VELD3T IS .....10O44488+OO5UNI.T5_OF FT.SEC .
FORCE = .15.,t:7030+006 FOUNDSFORCE

THE ViAL'.'E IS LJ-'-'KED
THE MI-. ILE !S FPEE Ai4D ACCEI.ERATING
THE VAL '.E 0PT!'; SIZE IS fSr.RIN! .7849C999+002
1HIS Ij THE ' GR OSITi 37 TI1.:E .3*;00000C-002.
FLASK Ic;LESSUI<E .PSI, .. ,403786+003 TEF PRESSURE IS .9.:L.31671+003
X IS . ,462.;';+30C X'OT 15 .3359447G+002 VELDUT IS .c914067+004UNITS OF F.,SEC
FORCE . 15:5 ;7L,+006 FOUNDSFORCE
P!ECE S In:. '.AL.JE -. ll9CEy79+C02 AND WAS BEEN SET TO J

THE VALiL IS .. NC,"1OKED
THE MIS!-'LE IS FPEE AND ACCELERATING
fHE VA:.VE OPE. I.,G SIZE IS (SQRIN) .78499999+002
THIS IS ThE .ALC FOR POSITION 38 rIME .38000000-002

FLASK PWESSUPE IS.PSI. .95294148+003 TUBE PRESSURE IS .956310.4+003

X IS .35798813+000 XDOT IS .34585945+002 VELOCT IS .100.9989-0uiUNITS OF FT.SEC
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FO CE . 15 7 5 7-0 ... - -' -,

THI ISTH .1:AL1CO POITONOSOC .9 TIM .-. ---.--.-.-

FHOVAE S PUNZDSF<ED

* ~THES FIS'iTE 15I FHOR ANDTt3 39 lIE .300C00-00

FLASK P!,'ESSUREF 1S.PSI. T517993414003 TUBE PRESSURE IS .95444601+003.
x Xis .3,5005p372+U:CJ XDOT 1S .3658450+002 VELDOT IS .1B950638+005LNITS OF FTSEC

*FORCE T. 15i3450892+C6 POUNOSFORCE

TIDE VALVE 1S L'NCHCKED
TH4E MISLE IS FR~EE AND ACCELEPAT!NG -.

THE VALJE 0PE';Iti SIZE IS I$OQiN) .78499999+002
THIIS IS TH4E CALCr FOR MOSITUC"A 40 TIME .410O000-002
FLASK P!PESSUPE !S.IPSI, .9451799394003 TUBE PRESSURE IS .9541117+003 . .. ..-

X IS .333 !C0Ob ,^+:C XDOJT IS .3757854+002 VELDOT IS. 98100113+OO5LNIJTS _OF_.FTSEC_
FORCE 7 . F32811174.06 POUNDSFORCE

THE VALVE 15 'LNCHVlKED
*THEC fil'S!!E IS: FREE AND ACCELERATING

THE VAL'.C OPL%;INZ SIZE IS t(irUJJ .'18499999+002 . .

*T~i 4 S 1I7 THE F FUR POS!ItC"J 41 TIME .42000000-002
* FLASK PRSS -E?.PSI. -"9,51 942O03 TUBE PRESSURE IS .95265678+003

x is XUOT IS .3756697,0~02 VELDOT IS_ .99914356+00UNjiTSO!F-TSEC,..-
FrORCE . 5U3C06 POLNDSFCRCE

THE VAL-L IS COE
*THEC PAISS.E rPE F:1E AND ACCELEPATING

THE VAL' E O!.%%C SIZE 1 f';"R!N) .78499999+002
THI!S la~ loHE C'__ ':OR POS1ICON 43 T IM'E .4'!00(00-002_._.._-.-

*FLASK S S. .PSI .9H C59402+OO)3 TUBE PRESSURE IS .93f393743+003
* x it z.i-. XLDCT IS .39565667.O2 VELDOT 1S.5 9186O4N.1 LFLE.

rL17;CE .',5'-- .+006 *:OL'NSFORCE

THE VAL.. IS ~I~E
THE 1._2L I~ F. I AN4D A(C.ELFRAT ING
THE VALE .; ,,~ SIZE IS (.iQQIN) .784999G+002
THI *,- 1. T : FR POSITWI 44 -r TI mE .4-'000(000-002,.......
FLASK 'M-SA2'. .P SI, .'4933909+00a TUBE PRESSURE IS .935 U3743+003
X 15 XDOT 1S .40550643+002 VELDOT IS .997068144004UNITS OF FT.SEC
FR~;CE 154, 2 -3: J .+L 6 FOUNDS F OCE -- - -

* ~THE VALVE IS LW E

THE VALVL. OPF~I2% SIZE IS vSQRIN) .78499999+002
!HI IS TH ~E CAC FO POSITION 44 TIME .45~00000-002 -

- t M., r~~s~': ~; P I, ~ 49j3 19+ ~ j UBE PR SSU E I . b~G L1a0O
* x s .:34~7+~c DOTiS M05064+00 VEDOTIS 9971621+O4NtSoF &T.SC40
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FLASK FRESSURE !S.PSI. .94933219 0O3 TUBE PRESSURE IS..95f5556S5+003
X IS .:84289'73+000 X1'or IS .41547706+002 'JELDCIT IS .98228143i.O04UNITS OF FT.SEC
FORCE .152e2617+006 POUNOSFORCE
PIECE HAS THE VALUE -. 17978 191+001 AND HAS BEEN SET To 0_--

THE VALVE IS 1.1,NCHORJED
THE MII5LE IS FPEE AND ACI(ELERATING
IHE VALVE C]PV-.IN- SIZE IS ISW'RIN) .78499999+002

*TWlS 1- THE C-ALC -FCR P0SirI04 46 TIME .46000000-002
FLASK PRESSURE !S.PSI. .9/4801318+003 TUBE PRFSS'JRE 1S .94ESI 00+003
x is .3fl84.Z4-Cf0O XDOT IS .42529287+,002 VELD0l IS .99482435+OO4IUNITS OF FT.SEC
FORCE ~- I111758.3 +006 POUNDSFCRCE

* THE VA';E IS L'.CHOKED
iH E MI_. T LE IL FREE AND ACCELERATING
THE 'VAL'E )PEI lN,'5 SIZE IS IS-)RIJ) .78499999+002
THIS IS THE CAL-C FOR POSITION 47 TIME .47000000-002'

*FLASK PPESSU"Fi IS.PSI. .9,18013!8+003 TUBE PRESSURE IS .934086'-3+003
X IS .~2~7CCC XCUT IS .43524811+002 VELDOT IS--.79902+Q4NlITS CF _F-T.,SEC

*FORCE =.1521258 1+006 P0'JNDSFORCE

THE VALVE IS U.,.CHCTh EO
T HE MIS.1 LE IS FQEE AID Ac*CEI-ERATING
I14F VAL*E OPL-%I?;3 S1ZE IS (SQRIH1) .78499999+002

*IHIS IS THE LALC FOR ,~Slrlot4 48 TI1ME .4-00000-002 -
FLASK !-HESSU!?E lF.I3SI. .9 J,63817+C03 TUBE PRESSURE IS .94C25274+003
X IS .:97U49-, 00l XL'OT 1 .44504501+002 VELDOT IS .99245060+0O4UNITS OF FT.SEC
rORCE =.15-1107Z4 i006 DOUNDSFORCE . - - - - - -

T HE V A! .,E I S V NI WKE D
THE MSIEIS FNEZ AND A4'- CELEr-ATING . - . - -

IHE VA!-.E OP-.1'3SZE IS (SQ IN) .78499999+002
THIS IS 'HE --ZLC: FOR POSITIC,,! 49 TIME .49000000-002
FLASK r!!ES.U[,E IL.VPSI. .9'16,10789+003 TUBE PRESSURE IS .93591843+003
X IS .1~01~0C XCOT IS .454q6952+002 VELDOT IS .981C1174+004UNITS OF FTSEC
FORCE .15221 R+006 POUNDSFORCE

THE VALVE IS UNCH,2KED
TFMISS;ILE IS FP' S A14D A-CELERAT1IhG

THE VA' .E OP!i.t: SIZE IS (SQR!N) .78499999+002
TH:S 13 THE CALL FOR POSITIOIJ 50 TIME .50C00000-002
FLASK PRESSUR~E IS. PSI, .945213 >14003 ]IUBE PRESSURE IS .913740;6 003

X IS.~C 0!O2+000 XOC)T IS .46478563+002 VELDOT IS1 814505NTSETS.
FORCE =.15: 92006 POUNLISFORCE

THE VALVE I~o UNLHFED
THlE P.11 ';LE IS P011f~D A , FL,-::AT I tt;

*THE VALE 3' ' ,r SIZE I3 (f RIN) .7849cg99+002
*THIS I-!' 2A!C FOR POSITIUN 51 TI OE .51000000-C02

FLASK 1LSU ' I-,PSI, .9-1,17L401+003 TLEFE PRESSURE IrS .93713311+003
XC IS .4!L677+0i0 XDOT 1,, .47468379,0C2 VELDOT IS .98?C8573+0O4UNITS OF FT,SEC
F ORCE . 152C2201 +006 pout.,SrRCE - -

STH4E VALVE IS LNCHCKED
THE MISSILE !S FREE AND ACCELERATING

*TmE VALvE UPE'.IN 5SZE iS (SORIN) .78499,-99+007
*THIS IS THE C.ALC FOR IOSITLON 52 TIM2 .52000000-0Z2
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FLASK PRESSUPE IS.PSI. .94374461+003 rUBE PRESSURE .IS.990404C0O003
X IS .415444931i-000 XDOT IS .484512644002 VELDOT IS .986E4136+O04UNITS OF FT.SEC
FORCE = .15323b24+006 POUNDSFORCE

THE VAL'.'E IS UNCHOKED
T14E MI --, ILE IS FREE AND ACCELERATING
THE VALVE OP7%INJi SIZE IS (SQRIN) .78499999+002
THIS 1 lHF. CALC FGR POSITION 53 TIME .530000060-002
FLASK [-RESSUr'E IS.PSI. .94312177+003 TUBE PRESSURE IS .93703914+003
X IS .42028993+000 X0OT IS .49438105+002 VELDOT IS _._98278717+O04UNITS OF FT.SEC____
FORCE r .15260671+006 POUNDSFORCE

THE VALVE IS LNCP;'KED
THE MI.cSII-E IS FrEE AND ACCELERATING

THE VA.A OPFl",.'-2 SIZE IS (SORIN) .78499999+002
T94IS I$ THE C:AC -UR DOSITIO;N 54 TI ME .54000000-002
FLASK PrESSURE IS.PSI, .94'21206,003 TUBE PRESSURE IS .938144C.3.003 ... ....

X 1S .42523374+000 XDOT IS .50420692+002 VELDOT IS .98394600+OO4UNITS OF FT.SEC
FURCE =-.152'5r-'-QS PDUNDSFORCE

TilE VAL"E IS UlH,"kED

THE N:IS'-ILE IS :iE AND ACCELERATING
THE VALVE OP'I'C SIZE I5 (SQRIN) .76499999+002
TWlS IS F.E iA.C FUR POSITION 55 TIME .55000000-002
FLASK '.ESSU: E IS.PSI, .941-f,771+003 TUBE PRESSURE IS .935171f9+003
X IS .';.;)275-3*'.0 XDOT 15 .51404838+002 VELDOT IS .991E6761+00UNITS OF FTSEC
FORCE 15 2.4320,,, +006 F'OI'NSFORCE

THE VAIV i IS U'T.,..ED
THE MISSILE 1S i:,'E ,AND ACCELERATING
IHE. VAL-!: U;z-'- SIZE IS tS-'RIN) 78499c99.+002
THIS IS Hr 

CALC FOUR POSITIONJ 56 TIME .56000000-002
F:ASK ,ESSUR. S.PSI, .9-1010368+003 ruBE PRESSURE IS .93567179+003
X IS ..'.51631+:C XE'OT IS .52386506+002 VELD07 IS .9$135306+OQ4UNITS OF FT.SEC ......
FORCE - .15?:7.-0.-006 PO.JNDSFORCE

rHE VA,.'.E IS ',%0 "QKEO
THE MI1.IL. S F'LEE AND ACCELERATING
THE VALkE OPE -* ItZ SIZE IS (SQRIN) .70499999+002
THIS I5 THE CALC FOR POSITION 57 TIME .57000000-002
FLASK PPESSU':E .'.PI, .93978540+003 TUBE PRESSURE IS .934292,6+003
X IS .,, CEC749c+0Cc XDOT IS .53367658+002 VELDOT iS .97990641+O04UNITS OF FTSEC
FORCE r .152151e29006 POUNDSFORCE

TIHE VALVE IS 'jlCHCKED
"Te MISSILE IS F,"EE AND ACCELEPATING

IHE VAL''E 0!.' .IZE IS (SQ1,IN) .78499999+002
THIS I THE ,?ALC ;OR POSITION sB TIME .56000000-002
FLASK r'ES1U;E IS.PSI, .936.S1+003 TUBE PRESSURE IS .933429E9+003
X IS .445?91'E+ 00 xcur IS .54347764+002 VELDOT IS .79!0171+OO4UNITSOF FT.SEC
FORCE z .15201890+006 POUNrSFORCE

THE VALVE IS LC-HCP.ED
THE MISSILE IS FREE AND ACCELERATING
THE VALVE OPE ING SIZE IS (SQRIN) .784999-39+00
THIS IS THE CALC FOR POSITION 59 TIME .5 900O,000-O02

FLASK PRESSURE IS.PSI. .93806034+003 TUOE PRESSURE IS .93229923+003

o
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X IS t~b142624000 XDOT IS .55326766+002 VELDOT IS .977f1584+0O4UNITS OF_FT.SEC
FORCE = .15163475+006 POUNDSFORCE

THE VALVE IS UNCHOKED
THE MISSILE IS FrEE AND ACCELERATING
THE VALVE OPENING SIZE IS (SORIN) .78499999+002
THIS IS WE ,ALC FOR POSIT!.'J 60 TIME .60C00000-02
FLASK PRESSUNE IS.PSI. .93717792+003 TUBE PRESSURE IS .93i25963+003. ...................

' X IS .45695920+0CC XDCr IS .56304582+002 VELDOT IS .97672571+O04UNITS OF FT.SEC
FORCE - .1516654E+006 POUNDSFORCE

THE VALVE IS UNC:KED
THE MI'. SILE IS rF:rE AND ACCELERATING
THE VA'.'.E OP-:ING SIZE IS (SQRIN) .78499999+002
IHIS IS THE CALC ;O:k POSIFION 61 TIME .61000000-002
FLASK F"ESr.J"'F IS.PSI, .9 6234184003 TUBE PRESSURE IS .9301E222+003
X IS .462 _P9;-'5C,00 XDOT 15 .57281307+002 VELOOT IS S 7557461+004UNITS OF FT.SEC -

FORCE r.15142C74#C0G POUNOSFORCE

THE VAL'.E IS ",-irKED
THE Vi',;ILE 5 -t- E AND ACCELERATING
iHE VAL'.OP"I'.. SIZE IS (SQiIN) .78499999+002

!TIS Is THE C:ALC OR PUSItION 62 TIME .62000000-002
FLASK ZFScUr s% ..PSI. .935375854003 TUBE PRESSURE :S .92906429+003
X x IS .C -C2'77E4C'. XTnOT IS .58256082+002 VELDOT IS .97442297+O0QUNITSOF FT.SEC -.
F'RC E .151.O7 2-COG POU'NDSFORCE

THjE VALVE IS '~C>E
,.E Nil: ';I LE I 7 ;;EE AND ACCELER4TING
TH!L vA. OPF\. SIZE IS (SQRIN) .78499999+002
THIS IS THE "ALO FOR POSITICN 63 TIME .63000000-002..
FLASK !;--u,2 Z..PSI. .93415423+003 TUBE PRESSURE IS .92794543+003

X IS Ja74143-';7+C00 XDOT IS .59231305+002 VELDOT IS .97324949+O04UNITS OF FT.SEC

rcRCE - .156125,C4006 PC'UNDSFOPE . . - - - - - - -

rl-E VAL'.' IS UN ' S :""'ED
TW E MI'_ ILE 1S C::'-E AND ACCELERATING . .. .-

THE VAI"' E 0P. :.3 SIZE IS (SQRIN) .7B499999+002
T11IS 1s t,1E CALC FOR POSITION 64 TIME .64000000-002
FLASK "rPES.U.,E I _.PSI. .93351904+003 TUBE PRESSURE IS .92681265+003
X 15 .JUCOC'O*GG,'C'Z; XDOI IS .60204554+002 VELDOT IS .97206162+O0O4UNITS OF FT.SEC
FORCE r .150.1125+006 rOUNDSFORCE

THE ,A.E IS L*,CH. KED
'HE It;:,!LE IS FZEE AND A('CFLERAIING
THE VA .L C:7.! , . SIZE I , (SQR 'IN) .78499'99+002
THIS I: zitE CA n rfl; POSIIIO )'N 65 TIME .6'V00000-0C2
FLASK ;:'ESSURS IS.PSI. .932570-'9.003 TUBE PRESSURE iS .92566433+003

A IS .416087,5fC00 XD'JT 15 .61176615+002 VELDOT IS . 0f7065703+O04UNITS OF F1.SEC

FORCE = .15075420+006 P0:r.'DSFGRCE

. THE VALSE IS uNCHC-KEO
THE ,IS'.iILE IS FREE AND ACCELERATING
THE VALVE OPENING SIZE IS (SQRIN) .78499999+002
THIS IS ThE CILC FOR POSITION 66 TIME .66000000-002

i" FLASK PRESSURE ISPSI. .93160864+003 TUBE PpSSURE IS .92450117+003

X IS .49220471+0C XDOT IS .62147472+002 VELDOT IS .969E3708+OO4UNITS OF FTSEC
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rORCE .15056477+006 POUNOSFORCE

THE VALVE IS UNCHOKED
THE MISSILE IS FREE AND ACCELERATING
THE VALVE OPr'!NG SIZE IS (SQRIN) .78499999+002
THIS IS THE CALC FOR POSII!ON 67 TIME .67000000-002
FLASK PRESSURE IS.PSI. .93063365v003 TUBE PRESSURE IS .92a32243+003
X IS .49341946+000 X0Of IS .63117109+002 VELDOl IS -.-96840078+O04;UNITS OF FT.SEC
FORCE = .15037279+006 POUNOSFOPCE

THE VALVE IS UN;HOKED
THE MISSILE IS FREE AND ACCELERATING
THE VAtvE CPrNING SIZE IS (SQRIN) .78499999+002
'THIS IS THE ('ALC FOR POSITION 68 TIME .68000000-002.
FLASK P; SU* ISPSI. .929645574003 TUBE PRESSURE IS .92212950+003
x IS .=(173116+000 XDOT IS .64085509+002 VELDOT IS__.96714961+O0Q4UNITS OF FTJSEC
FORCE = .1531rPF-i!+006 POUNDSFORCE

THE VAI' 'I. IS UL)CHCKED
!HE MIS'jtLE 1S F;,:E AND ACCELERATING
THE VALE2 OP",.I:10 SIZE IS (SORIN) .78499999+002
THIS IS THE C LC FOR POSITION 69 TIME .69000000-002 ......
FLASK P'LSSURE IS.PSI, .92;4455+003 TUBE PRESSURE IS .92092159+003
X IS .C1113971+000 XVOT IS .65052658+002 VELDOT IS .96588273+O04UNITS OF FTSEC
FORCE = .14993179+006 POUNDSFORCE

THE VALVE IS UN-WHCKED
THE MI53ILE IS FREE AND ACCELERATING .
THE VAL',E OPi-NIr.!G SIZE IS (iQRIN) .78499999+002
THIS IS THE CA_, FOR POSITION 70 TIME .70000000-002
FLASW. FPPSSUr<E IS.PSI. .92763068+003 TUBE PRESSURE IS ..91?6992S+003.
A IS .57614-J7+000 XDOT IS .66018540+002 VELDOT IS .96460076+O04UNITS OF FT.SEC
•,)RCE - .14q78273+006 POUNDSFORCE

THE VAI."E IS UNCHOKFD
TilE MISSILE IS FREE AND ACCELEPArING
THE VALVE OPENIr4; SIZE IS t3QRIN) .78499999+002
THIS I: THE CALC cOP POSITION 71 TIME .71000000-002
FILASK PRFSSUW , IS.PSI. .92660406+003 TUBE PRESSURE IS .91846282+003
X IS .52,1246,.4.0co XDOT IS .669P3141+002 , VELDOT IS . L963039+04UNT.O_ F T_,S.EC
FORCE = .14q513l:36+0C6 rOUNDSFORCE

T-:E VALVE T3 2:'?") 
.

THE .II.%ILE 1:3 FREE AND ACCELERATING
, THE VALVE OPENINi SIZE IS (SQRTN) .78499999+002

THIS I3 THE ":ALC FOR POSITYC!N 72 TIME .72000000-002.
FIASX FRE, SURE IS.PSI, .97556.184+003 TUBE PRESSURE IS .917212C4+003
X iS .!130945134-000 XDOT I .67916445+002 VELDOT IS .96199209+O04UNITS OF FT.SEC
FORCE - 14937TA+006 POUNDSFORC.

IlHE VALVE IS UNC40KF.D
TrE Nll" :2ILE iL FREE AND iCCfELERATING
THE VALvE OPriING SIZE IS (SQRIN) .78499,)99+002
THIS IS TNE CALC FOR POSITION 73 TIME .73000000-002
FLASK PEfSSU-!E ISPSI, .92451310+003 TUBE PRESSURE IS .915947674+0Q3
X IS .52773977+000 XDOT IS .68908436+002 VELDOT IS .9bO66598+OO4UNITS OF FTSEC
FORCE .- 14917174+006 POUNDSFORCE
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THE VAIVE IS UNCHOKEO

THE MISSILE IS FREE AND ACCELERATING

THE VALVL OPENING SIZE IS (SQRIN) .78499999+002

THIS IS THE CALC FOR POSITION 74 TIME .74000000-002
FLASK PRESSURE IS.PSI, .92344897+003 TUBE PRESSURE IS .91'4G68974O03

X IS .544630614.000 XDOT IS .69869102+002 VELDOT IS .9g932484+OO4UNITS OF FT.SEC

FORCE = .1496349+006 POUNDSFORCE

THE VALVE IS LNCHCKED
THE ,IS';ILE I- FREE AND A(CELERTING
THE VAL'E OPENING SIZE IS (SQRIN) .78499999+002

THIS IS THE CALC FOR POSITION 75 TIME .75000000-002

FLASK PRESSURE ISPSI. .922"37253+003 TUBE PRESSURE IS .913377;5+003

X !S .5'1b17S2+OC3 XCOT IS .7082842b*002 VELDOI IS .95797006+OC4,NITS OF FT.SEC

FORCE = .14875312+006 POUNDSFORCE

THE VALVE IS UNCH01ED

THE MI.!CILE IS FPFL ANU ACCEI.ERATING
T;fE VALVE OPENi'.- SIZE IS (SQP IN) .78499999+002
THIS IS IHE CALC FOR POSITIC'N 76 TIME .7t6O00000-002 ...
FLASK FRESSUr-E IS.PSi, .97128394+003 TUBE PRESSURE IS .912071(.6+003

X IS .55C70036C000 XCOT IS .71786396+002 VELDOTIS .-95660074+00.4UNITS OF FT,SEC .

FORCE -. 14U5,043+G06 POUNDSFORCE

TiHE VAL 'E IS U.CHOKE.O
THE MI5LE 15 tREE AND ACCELERATING

THE VALVE OPEfIN, SIZE IS (SQRIN) .7649e999+002

THIS Is rHE (*ALC" FOR POSITION 77 TiME .77000000-002................
FLASK PRLSSU:'E !S.PSI, .92010328+003 TUBE PRESSURE IS .91075269+003

X IS .;587099400o XDO I .72742996+002 VELDOT IS .95521737+0O04UNITS OF FT.SEC

FORCE = .14832569+006 POUNDSFORCE

THE VALVE IS U.N"COKED
THE MISSILE IS FPEE AND ACCELERATING ..........

THE VALvE OPENIN3 SIZE 15 iSORIN) .78499999+002
THIS IS THE CiLC FOR POSITION 78 TIME .76000000-002

FLASK PPESSURF IS.PSI, .91907066+003 TUBE PRESSURE IS .90942118+003. . . .

X IS .5?315329+0CO XCOT IS .73698214+002 VELDOT IS .95362085+004UNIE. OF FI.SEC

FORCE = .14810383006 POUNUSFORCE

THE VALVE IS U. N.CHKED
THE MISl .ILE !S FREE AND ACCEI.ErQATING
THE VAL'E OP', SIZE Ic (1:0,1N) . 70499999402
THIS IS Tipi CLC FOR POSI"IN 79 TIrAE .79000000-002

FLASK P.ESCURE I_.PSI .- 794623+003 TUBE PRSSURE IS .9.06076A4+003

X IS . ;5231C-000 XDou 1S .74652034+002 .ELDOT IS .95241035+OO4UNITS OF FT.SEC

FORCE '.147 8981+006 POUNDSFORCE

THE VA!.VE IS LU'PCKEO
THE MISSILE IS -REE AND ACCFLERATINC
THE VALVE 51rIr4 SIZE IS (SQRIN) .76499999+002
THIS IS THE C3.tC FOR POSITION 80 TIME .7999999-002

* '; FLASK PRESSUIE I3.PSI, .91681008003 TUBE PRESSURE IS .4go"1877+003 ..... .

X IS .5879883r+OO0 XDOT iS .75604444+002 VELDUT IS .950S651+034UNITS OF Fr.SEC

FORCE .14768'71 +006 POUNDSFORCE

THE VALVE IS UNCHOKED

bunMj~Iy Iogibke zgpwduOPON"
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THE MISSILE IS FPSE AND ACCELERATING -......
THE VALVE OPENING SIZE IS (SORIN) .78499999+002
THIS IS THE CALC FOR POSITION 81 TIME .81000000-002
FLASK P!):SSURE IS.PSI, .91566234+003 TUBE PRESSURE IS .90534877+003-................
X IS .C.qE548.'4+000 XDOT 13 .76555429+002 VELDOT IS .94954962+O04UNITS OF FTSEC
FORCE = .14744599+006 POUNOSFORCE

THE VALVE IS NCHV.' EU
THE rAI:SILE 1S FPEE AND ACCELERATING
T4E VAL';E OPE,';NIN SIZE IS (SQRIN . 73499999+002

• THIS IS THE CALC FOR POSITION 82 TIME .81999999-002
, FLASK F.!fSuliE !S.FSI. .91450311+003 TUBE PRESSURE IS .90396615+003

X 5 .UQ32942 .4-C0f XOOr IS .77504978+002 VELDOT IS .948C9950+0.4UNITS.OF FTSE.c__ -
FOR E .14';22042+006 POUNDSFORCE

IHE VAL'.E IS U'CrICK'.ED

* 1HE MI ILfE IS FPr E ArID ACCELERATING
ThE VALVE OPE%.ING SIZE IS (SORIN) .784999994002
THIS IS T 'E CAL' _^ FOR POSIIION 83 TI ME .83000000-002 . 6 -. . . . . . . . . .
FLASK 14ESSU;i !'-,PSI, .91333253+003 TUBE PRESSURE IS .90257124+003

* X 1 .6109547,*Cc0 XGOT IS .78453077+002 VELDOT IS .94663649+OO4UNITS OF FT,SEC
FORCE = .14tb,9324+006 POUNOSFORCE ....... ..

THE VALVE IS UNCH7KED
THE MIS1LE IS F, .E AND ACCELERATING . . .. . . .
THE VAI VE CP'";I?'; SIZE IS I SQRIN) .78499q99+002
THIS iS IHE CLC iUR POSITION 84 TIME .83999999-002

* FLASK Y':.:ES5U-E IS.PSI, .91215070+003 TUBE PRESSURE IS ..9ol164r,0+003
X IS .btH000+O00 XDOT IS .79399714+002 VELDOT IS .94516106+O04UNITS OF FT.SEC
FORCE = .146.764t4+006 POUNDSFOPCE

THE VAL'.12 IS UNC ' KED

THE MIS.,ILE IS Fr!+E AND ACCELERATING
THE VAI .L OPrI;JZ;] SILE 15 (SORIN) .78499999+00..
THIS IS THE tALC FO! POSITION 95 TI.E .85000000-C02
FLASK c.L)ESSIJI E IS.PSI, .911g0977r,4"003 TUBE PRESSURE IS .89974574+003
X IS .-2U,,'-. +0C0 XDcr IS .00344874+002 VELDOT IS_._.94)67303+O04UNITS OF FT.SEC..
FORCE z .14'5.330P+006 DOUNDSFORCE

THE VAY
''r 

IS U'N:H:KED

THE : I-J,'!Lr 15 FPEE AND A7CELEriATING
THE VALE . SIZE IS (SCRIN) .71499999+002
THiS IS THE (.LC FOR POSITION 86 TIME .8599999)-002 ....

" FLASV FPL'3!U E IS.PSI, .909753784C03 TUBE PRESSURE IS .89,31516+003-
X IS .,i.14774lj3&-000 XO0t 1S .91283547+002 VELDOT IS .94217261+OO4UNITS OF FTSEC
FOPCE - . 24. 1 1,C' C+C06 P01 'DS FORCE . . .....

• .* THE VALVE IS L',Ci. KED
T' E ,II 74 ] -E AND ACCEl.PAT!NG
THE VAL'.'L OPWNIrN3 SIZE IS (SORIN) .70.199999*002
THIS 13 THE C' FOR POSITIC~N 07 rIME .87000000-002
,FLASK T..ESU;,_ Is. SSo .9i.JB582*C03 TUBE PRESSURE IS ,I968334+003

X IS u,2410338+000 XOcr IS .82230719+002 VELDOT IS .940(6041+OO4UNITS OF FT,SEC
FORCE = .14606529+006 POUNDSFORCE

-. T:HE VALVL IS ,NCHORKED
THE MISSILE IS FREE AND ACCELERATING

)3'm~at ~j c VnC~ &c
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THE VALVE OPENING SIZE IS (SQRIN) .78499999+002
THIS IS THE CALC FOR POSITION 88 TIME .88000000-002
FLASK PRESSURE IS,PSI, .90731329+.3 TUBE PRESSURE IS .89541975+003

X IS .65112645+000 XOOT IS .83171378+002 VELDOT IS .9938+0UISOF FT
FORCE r.14582855+006 POUNDSFORCE

THE %iALv.E IS UrINC-'KED ___

THE MISSILE 1S FREE AND ACCELERATING
THE VALVE OPENING SIZE IS (SORIN) .7S499999+002
THIS IS THE CALC FOR POSITION 89 TIME .89000000-002..---- ---

FLASK PRESSU.RE IS,PSI. .9C6077004003 TUBE PRESSURE IS .89395531+003
X IS .65944359+000 XOOT IS .64110514+002 VELDOT IS .93759991+004UNITS OF FT,SEC
FORCE r 14559005+006 POUNDSFORCE-----..---- --

THE VAIVE IS UNCH'KED
THE MISSILE IS FLrEE AND ACCELERATING
]HE VALVE OPENING SIZE IS (SQRI N) .78499999+002
THIS IS THE CAL:: FOR POSITION 90 TIME .90000000-002
FLASK 'VTESSU';E IS.PlI .90483020+003 TBPESUEIS .81247967+003 __

X IS ft67P35434+000 XOOt IS .85048113+002 VELDOI IS .93GC5222+0O4UNITS OF FT,SEC
*FORCE =.14534972+006 POUNOSFORCE

THE VALVE IS LC:IIKED
* THE MIScILE !S FPLE AND ACCELERATING

THE VALVE. OPENI'J SIZE IS (SQRIN) .78499999+002 *.

rHIS IS; THE 2'ALC FOR POSITION 91 TIME .90999999-002
rI.ASK rPESSU27E IS.PS1. .90357298+003 TUBE PRESSURE IS .89099311+003
X IS .U7635914 -CCQ XDOT Is .85984164+002 .VELDOT IS- .93449309+OQ4UNITSOFF S~,
FORCE =.145107bz2+006 PO'JNOSFORCE

THE VAL\' 15 I LCHCKED
WHE MISSILE 1S FREE AND ACCELERATING

THE VALVE OPr.NI.JG SIZE IS (SORIN) .78499999+002
THIS IS THE CALC FOR POSITION q2 TIME .92000000-002.__
FLASK PRESSURE IE..PSI, .90230546+003 TUBE PRESSURE IS .88949578+003

*X IS .68,9575+000 XDOT IS .86918657+002 VELDOT IS .93292266+OO4UNITS OF FT,SEC
FORCE =. 14-16377+006 POU14DSFORCE . - .-. .. -

!HE VALVE IS L'NCH'ZKED
THE 1II.EI Ft'EE AND AC'CELE! ATING ..- -

THE V4AL'.c [PrNir -' SIZE 1$IS QRIN) .78499999+002
THIS IS. THE GALL FOR POSITION 93 TIME .92999999-002
FLASK , R-ESSU"lE IS.PSI. .90102776i+003 TUBE PRESSURE IS .8898828+003
X is . 'K364972+000 XDOT IS .87851580+002 VELOOT IS .931S4156004UNITS OF FT,SEC
FORCE =.14,161826i+006 POUNDSFORCE

THE VALVE IS LN HA"ED
THE M[SSILE IS FQFE AND ACCELERATING
THE VALVE OPEN:IJZ SIZE IS (SQRIN) .78499999+002
THIS IS THiE CALC'FOR POSITION 94 TIMEl .94C00000-002-
FLASK ~rESSU~iE IS.PSI, .89974003+003 TUBE PRESSURE IS .88047019+003
X IS .702434U7+000 X0OT 1S .88702921+002 VELDOT_ IS .92974935+O04UNITS OrF T, SEC__
FORCE t.14437102+006 PCUJNDSFORCE

THE VALVE IS UNC'H0KED
* THE MISSILE 15 FREE AND ACCELERATING

THE VALVE OPENING SIZE IS (SQRIN) .7849999q+002

a;OP.
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THIS IS THE rALC FOR POSITION 95 TIME .94999990-002
, FLASK PRESSURE IS,PSI, .?8S44236+O03 TUBE PRESSURE IS .85.94170+003

A IS ./1131316+O0C XDO IS .89712669+002 VELD3T IS .92814624,OO4UNITS OF FTSEC
FrRCE .144122"9+006 POUNUSFCRCE

THE VALV! IS UNCHV.ED
THE Ml ,SILE IS FREE AND ACCELEPATING
THE VALVE OPElI'N,3 SIZE I5 (SORIN) .78499999+002 . ... ..
THIS I3 THE CALC FOR POSITION 96 TIME .9G000000-002
FLASK -';ESSUnE IS.PSI, .89713487+003 TUBE PRESSURE IS .88.o.40O .6.003.

. X IS .7:02d4,12+000 XDOT IS .90640815+002 VELDOT-IS ..Q263301+002UNIS OF FT'SEC
FORCE .14387i59+006 POUNDSFORCE

THE VALVE IS UNr"SKED
THE MISILE IS FREE AND A(:CELERATING

" THE VALVE CPrNIN. SIZE IS ,S RIN) .78499999+002
THIS IS THE CALC rOP POSITIO'N 97 TIME .96999999-002 . ... . .

' FLASK )ES3U[E I5.PSI, .695P770003 TUBE PRESSURE IS .88185546+003
x IS .7:"f 3J8-',-00 XDQT 15 .91567348+002 VELDOT IS .92490933+004UNITS OF FT,SEC

.f O(;E = .14.i, I.1 +06 POUNDSFORCE

THE VAI.VE IS ',C"j"XFD
TIHE ,lI-,'ILE IS FPEE AND ACCELERATING
THE VAtL . OPc!;INJ SIZE IS (SQRIN) .78.199999+002

" THIS I"' WHE (:f'LC" FOR POSITION 93 TIME .9OOOOOO-002
"-: FIA5SK -LqESU!.E -E.PSI, .81-41096+003 TUBE PRESSURE IS .80029767.003

X IS .X7365052,;CC O XOT IS 92492256+002 VELDOT IS .92327548+OO4UNITS OF FT.SEC
iORCE - .1433957C,+006 PfUNDSFORCE

THE VALVE IS W'J,".KED
THE MI1.LE IS L-EE AND ACCELERATING
THE VA",E OPENIN'] SIZE IS .cQ:QI,) 78499999+002
TliIS IS THE 1,ALr '-OR POSITICON 99 TI.E .98999999-002
FLASK P ;- ',U.. IS,PSI, .69215476+003 TUBE PRESSURE IS .87873031+003

*:i X I% .7,:7/54.',C0C.0 XDCT I5 .93415531+002 VELDOT IS. 92163l9 004UNiT. OF FT.SEC
rFRCE 1- .14, 1 C +005 POUNDSFORCE

THE VAL\- IS C:CKD
THE P-IS'J.ILE IS FREE AND ACCELERATING
T;E VAL"E OP:J,!N"S SIZE IS (SnRIN) .78499999+002
THIS 15 IHE CALU '01 , OSITICI 100 TIME .10000000-001
FLASK r, Q!ISUrjr '.,PS!, .6'1 409234003 TU3E PRESSURE IS .8;715379+003
X IS .'7-096 1.-00 X2DT I3, .943371624002 VELODT IS .. 91997811+O04LNITS OF FT,SEC
FORCE = .144-Z6T+UC6 POUNDSFORCE

THE ,ALVE IS ?, XH",KED
TE MI',I'.E IS F-Fc AND ACCELERATING
THE VAL.'.,J: OPFtIN; SIZE 13 (SORIN) .78499999+002
THIS IS THE (,'. FOR POSiTIrJN 200 TIM7E .20000000-001
FLASK FgLSSURE ISPSI, .72920174+003 TUBE PRESSIJRE IS .6yL;!8015+003
/ IS .21u.44J7+O01 XDOT IS .17717900+003 VELOOT IS .730e202+004UNITS OF FT.SEC
FORCE - . !,'-. t ,5+006 POUNDSFO.CE

THE VALVE IS LNCHUKED
THE MI.FS'ILE IS LREE A,'D '-CCFLERATING
THE VALVE OPEN ING SIZE IS IO.QRIN) .7a4999c9+002
THIS IS THE CALC FOR POSITION 300 TIME .30000000-001
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FLASK PRESSURE IS,PSI, .56383281+003 TUBE PRESSURE IS .52 915401+003
X IS .42300144+001 XDOT 1S .24123565+003 VELOOT iS .55498832+0Q4UNlfTS O F~fT.E
FORCE =.861783124005 POUNDSFORCE

* .. THE VALVE IS UNCHOKED
* THE MISSILE IS FPFE AND AC:CELERATING

THE VALVE OPENIING SIZE IS (SQRIN) .78499999+002
THIS 15 THE CALC FOR POSITION 400 TIME .40000000-001
FLASK PRESSU!1E 15,PSi, .4304399441003 TUBE PRES5URE IS .401737.19+003
X IS -,H-47501+001 XOQT IS .2A976893+003 VELDUT IS .421--5087+004UNITS OF FT.SEC__
WPRCE =.65 1271 S4 *005 POUNDSFORCE

THE VALVE IS UrCHOKED
THE lMtISl.E IS FREE AND ACCELERATING
THE VALVE OPENING SIZE IS (SORIN) .78499999+002
THIS IS, TE CAL(- OR POSITION 500 TIME .50000000-001
FLASK P;*5SIJf-E IS. PSI * .331260634003 TJBE PRESSURE IS .30987960+003
x~ IS cy , 4309f;0+001 XDOo IS .32686692+003 VELDOT IS .32500851+004UNITS OF FT,SEC

Fr? C =.5016.376c,4005 POUNDSFORCE

THE VALvt IS IN-HA-KED
THE f6*I% -LE IS FREE AND ACCELERATING
TH-,E VAL' E OP!-%IN- SIZE IS (5OR IN) .78499999+002
THIS IS THE ,:,LC FOR POSITION 600 T IF.E .60000000-001
rLASK rPESSUPF Iq.PSIl, .239? 63O140I03 TUBE PRESSURE IS .24397366+003
X IS .1,-4005;634002 X,-,01 TI5 .35575774+003 VELC)OT IS .5852O~NT FFE

N'C E =.39723715+005 POVWOsrORCE

THE VAL\, 1 I NlriO2KED
THE MIS,-,ILE !S FPEE AND ACCELEPATING
THE VALVh OPENING SIZE 15 15;Q14?J) .78499999*002
THIS IS TE CALC FOR POSIT -. • .0 I 31E .6999999-001 -- - - -

. FLASK DPESSUR'E IS,PSI. .20694791+003 TUBE PRESSURE IS .19610556+003
X IS .17075995+002 XDOT IS .37873104+003 VELDOTIS --.20579802+oOUNITS OF FT SEC ......
FORCE = .31937858+005 P0UNDSFORCE

**T**FlNAL VELOCIIY IS .39322717+003 FT/SEC
- .20010107+002 PTUBE= .16828612+003 PFLASK .17666909+003 PSI

I IS 776 T IS .77599999-001

PLOT) ING COMMENCING
............S L FON OIT..N . 40 TM 0000..

-:.~ ~ ~~~~~S 1. AS .VEI2 75 ON 9_. S .. 783O3 VLU.IS_ .21.07O.!NIT FFTE ...

NO. OF IRST PLOOT I

PLOr NO. I WITH THE TITLE
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PRESSUPE CHAIA'rTERISTICS______

HAS BEEN CCMPLETED.

PLLIT 11). READS..................-.
*PLOT I 10.01.04 MON 26 "JUL, 18

JO8zLEARN DISSPLA 9.0

* . DATA FOR PLOT

* NO. OF CJPVES DPA.4N 2

HORIZ. AXIS LENGTH 6.0 INS.___
VERT. AXIS LENGTrH 8.0 Ii"S.

HORIZ. ORIGIN .000 .. . . . ------- -

VERT . UrfI,.l1 b CC00

HORIZ. 1XIS LINSA-______
STEP S!!:E .(C-67-001 UNITS/INCH

VERT. A~XIS LINEAR
STEP SIZE .200C+003 UNITS/INCH

*LOCATION~ OjF CURRENT PHYSICAL ORIGIN
Kr~ 1.50 Ya. 1.12 INCHES _ ___ ______

* FROM LOWER LEFT CORNER OF PAGE

PLOTTING COMIMENCING

...............DISSPLA VERSION 9.0 ..
NO. OF FIRST PLOT 2

PLUT NO. 2 V;ITH THE TITLE -

MISSILE VELOCITY
HAS SEEN COMP1LETED.

PLOT ID. READS
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. PLOT 2 10.01.06 MON- 26 JUL, 1982
JOBLEARN DISSPLA 9.0

DATA FOR PLOT

NO. OF CURVES; CPA1 .N I
--------------- ----------------------

HORXZ. AXIS LE'VtTH 6.0 INS.
VERT. AXIS LEN;GTH 8.0 INS.-------

HORIZ. ORIGIN .0000
VERT. ORI GIN, .0000------
-------------------------------------

HORIZ. AXIS LINEAR
STEP SIZE .5833+001 UNITS.INCH _____

VERT. AXIS LINEAR

STEP SIZE .8750+002 UNITS/INCH- ----

- - ---------------------

LOCATION 3F CURRN HSCLOII
x= 1.50 Y= 1.12 INCHES

.FROMJ LOWAER LEFT CORNER OF PAGE --- - --

. . ......................... .... . . . .....

PLOTTING COMMENCING
......................................

N.. . .. OISSPLA VFRSION 9 .....
NO. OF FIRST PLOT 3

PLOT N2. 3 ITT THE TITLE

ML$;SILE ACCELEQOA7ON
HAS BEEN COMPLETE.

PLOT 10. RNEARo
PLOT 3 10.01.08 MON 26 JUL, 1982

JOBSLEARN DISSPLA 9.0

- C-24
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DATA FCR PLOT . ~ . . . ~ .

NO. OF CORV'ES DRAWN I

HrJRIZ. AXIS LENGTH 6.0 INS.

VFRT. tXIS LENGTH 9.0 INS.

VER~T. OR~IGIN .CCCO

HORIZ. AXIS LINEIR
STEP SIZE .6667-001 UNITS/INCH

VERT. AXIS LINEAR

STEP S17E .500C+002 UNITS/INCH

*LOCATIC% Cr CURRENT PHYSICAL ORIGIN
*.X-~ 1.50 Y= 1.12 iNCHF.S

FROM LOWER LEFT CORNER OF PAGE

6 FRAMES 23085 PLOTWORDS 7 MINUTES

ENo) OF bISSPLA 8.2 -- 8843 VECTORS GENERATED IN 3 PLUT FRAMES.
-ISSCO- 4186 SOPRENTO VALLEe BLVD..SAN DIEGO CALIF. 921.21

DISSPLA IS A CciNFIDENTIAL PRCPRIFTARY PRODUCT OF ISSCO AND ITS USE
IS SUDjECT TO A NONDISSEMlNATION AND NONDISCLOSURE AGREEMENT.

2349 VIRTUAL STORAGE REFERENCES: 4 READS; 0 WRITES.

srop REACHED END OF PROGRAM
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PRESSURE CHARACTERISTICS

9

zo

c-

Lr

u.
U,

MISLLAS 0 BMNbTS

1-.7



MISSILE VELOCITY

W0

C0

0

N

-
Lcm

0

0

(500 LBM, 1000 PSI)
0

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
DISPLACEMENT, FEET
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i°-,j

M ISS I LE ACCELERAT ION

0

-

mcl-Jo

ELI

i'in

-o

8

o0

(500 LBM, 1000 PSI)
01• , ( ! I I! !

0.00 0.04 0.08 0.12 0.16 0.20 0.24 0.28 0.32 0.36 0.40

TIME, SEC
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